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(57) ABSTRACT 

The present invention relates to a method for producing ter 
penes in fungi, wherein a terpene biosynthetic gene cluster 
having terpene biosynthetic genes and regulatory regions 
operably linked to said genes is activated. The invention 
relates also to a terpene biosynthetic gene duster and regula 
tory regions of such terpene biosynthetic gene cluster usable 
is production of terpenes, use of regulator for regulating the 
terpene production and use of Aspergillus nidulans FGSC A4 
for producing terpenes. The method of invention provides 
higher yields of enriched terpene product without essential 
amount of side-products. 

11 Claims, 9 Drawing Sheets 
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METHOD FOR PRODUCING TERPENES 

This Application is a National Stage Entry of PCT/FI2011/ 
051001, filed Nov. 14, 2011, which claims the benefit of U.S. 
Provisional Application No. 61/412,845, filed Nov. 12, 2010, 
and which claims priority to Finnish Patent Application No. 
20106190, filed Nov. 12, 2010. 

FIELD OF THE INVENTION 

This invention relates to a method for producing terpenes 
in fungi, a terpene biosynthetic gene cluster, regulatory 
regions of such terpene biosynthetic gene cluster, use of tran 
Scription factor for regulating the terpene production and use 
of Aspergillus nidulans FGSC A4 for producing terpenes. 

DESCRIPTION OF RELATED ART 

Terpenes are a large group of compounds that have many 
pharmaceutical and industrial applications. Terpenes can 
function as potential drugs or precursors for pharmaceuticals 
or bioactive compounds. Examples for these applications are 
antimalarial sesquiterpene amorphadiene and anticancer 
diterpene taxol. Monoterpenes, such as limonene, have appli 
cations as jet fuel components. 

Bioactive terpenes are commonly purified from plants. 
Terpenes are a class biologically produced molecules synthe 
sized from five carbon precursor molecules in a wide range of 
organisms. Terpenes are pure hydrocarbons, while terpenoids 
may contain one or more oxygen atoms. The terms terpene 
and terpenoid are used interchangeably. Problem in the indus 
trial scale production of terpenoids is their structural com 
plexity which makes them expensive to produce by the means 
of conventional chemistry. Another concern is the environ 
mental stress caused by terpene purification from harvested 
plant material. One way to go around these problems is to 
generate microbial hosts that are easily cultured in industrial 
conditions. There is an increasing demand for inexpensive 
production methods for terpene derived pharmaceuticals. 
Heterologous expression organisms such as bacteria, yeasts, 
or fungi, would provide the sought-after cost-efficient way to 
produce these compounds. One of the problem areas in 
genetically engineered fungal hosts is the product outcome of 
exogenous genes. 

Genes encoding Successive steps in a biosynthetic pathway 
tend to be clustered together on the chromosome to form 
“gene clusters’. The extent of the clustering is highly variable 
within and between organisms. Secondary metabolites are 
compounds that are not essential for the normal growth of an 
organism but that function as defense compounds or signaling 
molecules in ecological interactions. Many secondary 
metabolites have interesting biological properties, for 
example as antibiotics, anticancer agents, insecticides, 
immunosuppressants and herbicides. Clustering of the genes 
controlling the biosynthesis of these compounds in bacteria is 
virtually universal. However, eukaryotic genomes also con 
tain clusters of functionally related but non-homologous 
genes Osborn. 
Numerous clusters for the synthesis of secondary metabo 

lites can be found in filamentous fungi. Filamentous organ 
isms contain far more clusters of genes for secondary metabo 
lite biosynthesis than had been predicted from the previously 
identified metabolites. Secondary metabolic gene clusters are 
self-contained cassettes for metabolite production. They con 
tain genes encoding enzymes that give rise to the skeleton 
structures of the different classes of secondary metabolite e.g. 
non-ribosomal peptide synthetase (NRPS) enzymes, 
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2 
polyketide synthases (PKSs), and terpene synthases, which 
are referred to as signature genes/enzymes. The clusters also 
contain genes for tailoring enzymes that modify the second 
ary metabolite skeleton, Such as oxidoreductases, methyl 
transferases, acyltransferases and glycosyltransferases. In 
Some cases secondary metabolic clusters also include genes 
for pathway-specific regulators and/or for resistance to the 
pathway end-product Osborn. 

Expression of secondary metabolic clusters is typically 
under environmental and/or developmental control and is 
mediated by complex regulatory cascades that relay signals to 
the pathway-specific switches. The Zn(II)2Cys6-type tran 
Scription factors function as pathway-specific activators of 
secondary metabolite clusters by upregulating the transcrip 
tion of the clustered genes. Clustering of secondary metabo 
lite genes has the potential to facilitate regulation at the higher 
level of chromatin. The specific order and position of the 
genes within some secondary metabolite clusters could pro 
vide a structural framework that help to determine the timing 
and order of gene activation. This process has been proposed 
to orchestrate sequential Substrate channeling through the 
enzymatic steps in the pathway (RoZeet. al.) The main selec 
tive advantage for clustering of functionally related genes is 
the need to coregulate a set of genes controlling Successive 
steps in a biosynthetic or developmental pathway. Clustering 
facilitates the optimal regulation of a set of biosynthetic 
genes. 

It has been shown that intergenic regions and the chromo 
Somal positioning play a part in optimal gene expression. 
Many secondary metabolite clusters are in the subtelomeric 
regions of chromosomes, where the heterochromatin tran 
scription is positionally regulated. Some of the clusters resid 
ing in Subtelomeric regions are shown to be regulated by the 
universal transcriptional activators such as LaeA or Are A, 
which react to the environmental stimuli to release the het 
erochromatin regions for translation. The transcription of the 
genes in these areas is silenced under normal conditions. 
When exogenous genes are randomly integrated into the 
genome of the host organism, positional transcription regu 
lation can play a role in the gene expression of the target gene 
(Palmer et al). 

Apart from unforeseen pleiotropic effects due to gene dis 
ruption by randomly integrated transforming DNA, it has 
been Suggested that certain chromosomal locations may be 
more favorable for heterologous expression than others, per 
haps due to specific interaction with local regulatory ele 
ments, or more generally active native transcription in the 
neighbourhood of normally highly expressed genes (Davis et 
al.). Certain spatially or temporally regulated Aspergillus 
genes—e.g., the aflatoxin cluster (Chiou et al.) and conidium 
specific genes (Miller et al.) show dramatic changes in regu 
latory response when displaced from their original locus, and 
locus effects on heterologous expression have also been 
reported (Verdoes et al.). 

In the paper published by Lubertozzi & Kiesling amorpha 
diene synthase gene from Artemisia annua was transformed 
into Aspergillus nidulans. In their approach the product speci 
ficity was greatly reduced in Aspergillus nidulans compared 
to the same expression experiments in E. coli. The reason for 
this was hypothesized to be interfering background activity of 
other Aspergillus nidulans secondary metabolite genes, 
which are absent in E. coli, or the lack of Supporting enzy 
matic activities needed for the modification of the terpenoid 
carbon skeleton to amorphadiene. 
Bok et al. discloses that over-expression of LaeA in 

Aspergillus nidulans induces numerous secondary metabolite 
clusters including putative terpenoid clusters. 



US 9.238,826 B2 
3 

WO 2002024.865 (Holzman) describe modulation of lov 
astatin production using a Zn2(II)CyS6-transcriptional acti 
vator residing outside the lovastatin cluster. 
WO 2001 021779 (DSM) discloses an identification, clon 

ing and over-expression of a cluster-specific transcription 
activator BlaRactivating B-lactam production in filamentous 
fungus. 
WO 1999 025735 describe over-expression of chimeric 

transcription factors to enhance production of secondary 
metabolites. 

Sakaietal. have introduced citrinin biosynthetic gene clus 
ter of Monascus into Aspergillus Oryzae. They were able to 
increase the citrinin production by further introducing mul 
tiple copies of activator gene ctnA controlled by Aspergillus 
trpC promoter. 

Chiang et al. have been able to activate an otherwise silent 
polyketide cluster in Aspergillus nidulans by replacing the 
promoter of the transcription activator with an inducible pro 
moter. 

WO 2010 104763 discloses the production of terpenes and 
terpenoids using a nucleic acid encoding a terpene synthase. 
This is carried out by the expression of biosynthetic genes that 
are not part of a single naturally occurring gene cluster, but are 
artificially linked to heterologous regulatory regions (pro 
moters). The genes described in this invention are not acti 
vated by a transcription factor. 

Similarly, WO 2008039499 discloses a nucleic acid com 
prising a nucleotide sequence encoding a terpene synthase, 
WO 0240694 discloses an expression vector comprising spe 
cifically the taxane synthesis pathway, and WO 2007 140339 
discloses the production of isoprenoids via a biosynthetic 
pathway. 

Thus, biosynthetic pathways for the production of terpenes 
are known. However, none of the cited publications disclose 
overexpression of a transcription factor specifically activat 
ing a cluster of genes belonging to a terpene biosynthetic 
pathway. 

Drawback in the prior-art solution is difficulty in obtaining 
high product yields for terpenes. Further drawback is that the 
products obtained by microbial fermentation typically con 
tain a major amount of unspecific side products and other 
unwanted compounds. In conclusion there is a need for pro 
duction processes ofterpenes giving higher yields of enriched 
product without essential amount of side-products. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an aim of the invention to provide a method for pro 
ducing terpenes by microbial fermentation so that the yield of 
the product is improved and the product is enriched. Particu 
larly, the aim is to provide a method in which the intrinsic 
transcriptional regulation capacity of the fungus is used to 
keep the transcriptional regulation of terpene producing 
genes at a high level to produce commercially valuable ter 
pene compounds in a microbial host. 

These and other objects are achieved by the present inven 
tion as hereinafter described and claimed. 

The first aspect of the invention is a method for producing 
terpenes in fungi. According to invention the method com 
prises the steps of 

(a) providing a transcription factor activating a terpene 
biosynthetic gene cluster having terpene biosynthetic 
genes and regulatory regions operably linked to said 
genes. 

(b) operably linking said transcription factor to a promoter, 
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4 
(c) transforming the transcription factor of item (a) oper 

ably linked to the promoter of item (b) to a host cell 
carrying a terpene biosynthetic gene cluster as described 
in item (a): 

(d) cultivating said host in conditions allowing the expres 
sion of the transcription factor activating the cluster, and 
optionally 

(e) recovering the terpene product. 
The second aspect of the invention is a terpene biosynthetic 

gene cluster. Characteristic to the cluster is that it essentially 
comprises the genes putatively encoding 
(a) Zn(II)2Cys6-type transcription factor (AN1599 SEQ ID 
NO: 74), a terpene synthase (AN1594 SEQ ID NO: 65), an 
HMG-CoA reductase (AN1593 SEQ ID NO: 63), GGPP 
synthase (AN1592 SEQID NO: 61) and 
(b) optionally translation elongation factor 1-gamma 
(AN1595 SEQID NO: 67), cytochrome P450(AN1598 SEQ 
ID NO: 73), short-chain dehydrogenase (AN1596 SEQ ID 
NO: 69), hypothetical protein with some similarity to meth 
yltransferase (AN1597 SEQ ID NO: 71), the regulatory 
regions operably linked to said genes, and optionally an AAA 
family ATPase (AN1591 SEQID NO. 59) and 
(c) regulatory regions operably linked to the genes of item (a) 
and to the optional genes of item (b). 

Zn(II)2CyS6-type transcription factor is capable of regu 
lating all pathway genes residing within the terpene biosyn 
thetic gene cluster. Transcription factors originally residing 
within the cluster or close to the cluster are preferred as they 
can be easily identified. However, after transformation to the 
homologous or heterologous host the genomic location of the 
inserted transcription factor in relation to the cluster is not 
critical. 
The third aspect of the invention is regulatory regions of 

terpene biosynthetic gene cluster as described here for pro 
duction of terpenes in fungus. 
The fourth aspect of the invention is use of the transcription 

factor characterized by SEQID NO: 1, or a sequence showing 
at least 80% identity to one of those for regulating the terpene 
production. In a preferred embodiment the degree of identity 
to SEQID NO: 74 is 82%, 85%, 87%, 90%, 92%, 95%, 98% 
or even 99%. 
The fifth aspect of the invention is the use of Aspergillus 

nidulans FGSC A4 (Glasgow wild type, Fungal Genetic 
Stock Center strain A4) for producing terpenes. 
The sixth aspect of this invention is a production host that 

is usable in the method of this invention. According to the 
invention the host comprises a terpene biosynthetic pathway 
gene cluster as described above and an introduced transcrip 
tion factor operably linked to a promoter, wherein the tran 
Scription factor is capable of activating a terpene biosynthetic 
gene cluster. An introduced transcription factor operably 
linked to a promoter used in this connection means that the 
host cell carries (in addition to possible endogenous tran 
Scription factor and promoter) further copy or copies of tran 
Scription factor operably linked to a promoter when com 
pared to a host that is not tailored for use within scope of this 
invention. The introduced transcription factor and the pro 
moter can be homologous or heterologous to the host. 

Seventh aspect of this invention is a process for production 
ofterpenes. According to the invention the method comprises 
cultivating a production host useful in the method described 
here and optionally recovering the product. 

So called 'AN 1599-transformant’ or AN1599-transfor 
mant strain’ described herein is Aspergillus nidulans Strain 
FGSCA4 that has been transformed to carry extra copies of a 
Zn(II)2Cys6 transcription factor AN1599 (SEQID NO: 74) 
gene under a constitutively active gpdA-promoter. The exog 
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enous gene product (SEQID NO: 10) is linearized with Peil 
and transformed into the genome of the host strain. The inte 
gration site and the copy number of the expression construct 
are not known. 
The embodiments of the invention are disclosed in the 

dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Chromosomal areas of predicted terpene synthase 
clusters. Pictures adapted from Aspergillus Genome Data 
base (Arnaud et al.) using Genome Browser tool. 

FIG. 2. is a schematic representation of a fungal expression 
vector for AN1599 (SEQID NO: 10) 

FIG. 3. is a schematic representation of a fungal expression 
vector for AN3250 (SEQID NO: 11) 

FIG. 4. is a schematic representation of a fungal expression 
vector for AN6814 (SEQID NO: 12) 

FIG. 5 Shows an elevated expression level for the over 
expressed transcriptional activators AN1599, AN3250, and 
AN6814 (bars with vertical lines). Terpene synthase gene 
AN1594, AN3252, and AN6814 (solid bars) and a gene cod 
ing for a modifying enzyme from each cluster, AN1598, 
AN3253, AN6807 (bars with diamonds), are expressed in 
significantly higher levels only in cluster 1. Value shown on 
top of each bar represents the fold ratio difference of the 
Aspergillus nidulans transformant-strain compared to 
Aspergillus nidulans FGSC A4 wild type-strain. The expres 
sion level of the wild type strain is considered to be 1 for each 
gene. Error bars represent the standard deviation in the 
expression fold-ratios for three replicates of three individual 
samples from each strain. 

FIG. 6 shows expression levels of 13 genes in the AN1599 
genomic area. Putative terpene cluster genes show signifi 
cantly elevated expression levels in both qPCR and DNA 
array analysis. Expression of eight target genes is signifi 
cantly elevated in the Aspergillus nidulans FGSCA4 express 
ing the Zn(II) Cys-type transcription factor, AN1599 (SEQ 
ID NO: 74), under strong constitutive promoter. The expres 
sion level of the wild type strain is considered to be 1 for each 
gene. Error bars for qPCR data represent SEM, Standard 
Error of the Mean, for three replicates of three individual 
samples from each strain. The significance level for each gene 
expression fold ratio of DNA array data was 99% with p-val 
ues s().01 calculated with students T-test using ArrayStar 
software. 

FIG. 7 is an SPME-Gas Chromatogram for FGSCA4 wild 
type and AN1599-transformant fungus. Upper graph with the 
baseline of about 2000 shows the spectrum for FGSC A4 
strain with no significant peaks. The lower graph of the 
AN1599 strain shows the major peak at about 36 minutes 
retention time. 

FIG.8. Mass spectrum of the major peak separated in GC 
analysis for AN1599-transformant matches the PAL spectral 
library product ent-pimara-8014), 15-diene with 96% similar 
ity. 

FIG. 9. Shows GC/MS data of the extracts from FGSC A4 
and AN1599 transformant strains. 

FIG. 10. The changes in the gene expression levels of other 
secondary metabolite clusters can be seen with the DNA array 
analysis. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

This invention describes the use of naturally occurring 
regulatory regions operably linked to biosynthetic genes that 

6 
are activated by a single transcription factor and lead to pro 
duction of terpene via several enzymatic reactions. These 
enzymes are coded by cluster genes. 

Thus, the invention relates to a method for the modulation 
5 of secondary metabolite production of fungi through genetic 

manipulation of Such fungi. Disclosed is a method using Zinc 
binuclear cluster, Zn(II)2CyS6, -protein to significantly 
increase useful secondary metabolite production. The term 
Zinc binuclear cluster protein (ZBC-protein) means any gene 

10 encoding a protein having as part of its structure Cys-(Xaa) 
2-Cys-(Xaa)6-Cys-(Xaa)5-16-Cys-(Xaa)2-Cys-(Xaa)6-8- 
CyS. Generally, the methods according to the invention com 
prise expressing a Zinc binuclear cluster protein in a fungus. 
Zn(II) Cys-type transcription factors have a well-conserved 

15 cysteine rich domain that binds two zinc atoms. This DNA 
binding domain recognizes CGG triplets in varying orienta 
tions within the promoter region of the target genes. 
AN1599 polypeptide is a species of ZBC-protein and 

capable of acting as a pathway specific transcription factor for 
20 the production of ent-pimara-8014), 15-diene compound in a 

microorganism. It is characterized by an amino acid sequence 
comprising at least a part of SEQID NO: 74. 

In this invention an activation of upstream crucial precur 
Sor synthesis genes, HMG-CoA reductase for isoprenoid syn 

25 thesis and GGPP-synthase for the diterpenoid backbone syn 
thesis, as well as enzymes needed for the modification of the 
final product is provided. By overexpressing transcriptional 
activator we can achieve optimal expression levels for all 
necessary genes in the pathway. 

30 Function of the genes residing in the cluster was predicted 
using homology searches with BLAST and pfam Software 
programs. HMG-CoA reductase is the rate-limiting enzyme 
needed for the production of the isoprenoid precursors in the 
mevalonate pathway. GGPP-synthase combines isoprenoid 

35 moieties to form a precursor for diterpenoid backbone. The 
terpene synthase gene coding for ent-kaurene?ent-copalyl 
type synthase performs two sequential cyclisation steps to 
first forment-copalyldiphosphate from GGPP precursor, and 
then diterpene compound pimaradiene from the ent-copalyl 

40 diphosphate. Cytochrome P450, short-chain dehydrogenase 
and the hypothetical protein residing in the cluster may func 
tion as decorative enzymes performing oxidation/reduction 
reactions and additions of functional groups to the diterpene 
structure. Translation elongation factor 1-gamma plays a cen 

45 tral role in the elongation cycle during protein biosynthesis. 
Members of the AAA+-ATPases function as molecular chap 
erons, ATPase Subunits of proteases, helicases, or nucleic 
acid stimulated ATPases. The AAA+proteins contain several 
distinct features in addition to the conserved alpha-beta-alpha 

50 core domain structure and the Walker A and B motifs of the 
P-loop NTPases. 

Expression cassette, which is encoding a selectable marker 
gene and a transcriptional regulator AN1599 polypeptide 
operably linked to a promoter and a terminator, is useful for 

55 improving the production of terpenes, especially pimaradiene 
compounds in a microorganism such as filamentous fungus, 
e.g. Aspergillus nidulans, Aspergillus niger; Neosartorya 
fisheri, Microsporum canis or Trichoderma reesei, by trans 
forming the organism with the expression cassette compris 

60 ing a transcription factor operably linker to a promoter and a 
terminator, and selecting the transformed cells with the 
selectable marker and an increased production of terpene 
compound as compared to non-transformed cells. Trans 
formed host, which is a terpene producing microorganism, is 

65 useful for producing terpene compound by fermentation, and 
the terpene compound can optionally be isolated from the 
cells or the growth medium. Terpene product can be any 
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terpene, diterpenes are preferred and ent-pimara-8014), 15 
diene is the most preferred terpene product. 

In one embodiment of the invention terpenes or terpenoids 
are produced in fungi by activating a terpene pathway. Basic 
idea is to overexpress a positive transcription factor specifi 
cally activating a cluster of genes belonging to a terpene, for 
example pimaradiene, biosynthetic pathway. Transcriptional 
upregulation of the complete gene cluster will overcome the 
challenges of introducing multiple overexpression constructs 
for individual biosynthetic pathway genes into a single host 
organism. Compared to the traditional systems, where mul 
tiple genes are exogenously introduced to a host and upregu 
lated, this approach benefits from the specific transcriptional 
activator capable of upregulating all necessary genes for the 
production of a diterpene compound in the host organism. It 
has been noted, that a product outcome of an organism with 
multiple exogenous genes will rely on the individual expres 
sion levels of each introduced gene. Balancing the expression 
levels to achieve optimal product yield can be tricky. Opti 
mizing expression for multiple exogenous genes at the same 
time will in many cases create a so-called bottleneck effect, 
where insufficient transcriptional activation of one gene will 
limit the product yield no matter how high upregulation is 
achieved for the rest of the genes in the pathway. When 
multiple biosynthetic pathways with similar end products are 
activated, existing precursorpool is guided to the biosynthetic 
pathway of the synthase gene with the highest expression 
level. Thus downregulation of competing pathways can be 
beneficial in guiding the product flux toward the desired 
compound. The holistic changes in the transcriptome of the 
host can be seen in our DNA array study which revealed 
downregulation of multiple other secondary metabolite Syn 
thase clusters when the terpene cluster was activated (results 
shown in FIG. 10). This enables the production of enriched 
diterpene product with only minor amount of side products in 
the AN1599 transformant. Concentrated main product and 
highyield provide an excellent material for industrial use and 
possible further purification for intended applications. 

In this connection term terpenes means hydrocarbons built 
from isoprene units (CH=C(CH)—CH=CH). Terpene 
hydrocarbons therefore have molecular formulas (CHs), and 
they are classified according to the number ofisoprene units: 
hemiterpenes, monoterpenes, sesquiterpenes, diterpenes, trit 
erpenes, and tetraterpenes. In one embodiment the terpenes 
are terpenoids, which are terpenes with modifications in their 
carbon skeleton, and especially diterpenoids. In one embodi 
ment the terpenes are pimaradienes. Ent-pimara-8014), 15 
diene and its derivatives are preferred embodiments. Ent 
pimara-8014), 15-diene derivatives have been shown to have 
antitrypanosomal, antimicrobial, anti-inflammatory and anti 
viral activities and are known to function as Ca-channel 
blocker, as well as cholesterol lowering agents. Thus Such 
products are very valuable material for pharmaceutical indus 
try. 

In this connection the phrase “conditions allowing the 
expression” means conditions wherein the transcription fac 
tor (for example AN1599 SEQ ID NO: 74) activating the 
cluster is under constitutive promoter or under inducible pro 
moter and the micro-organism is cultured in the presence of 
the inducer. 

In one embodiment the host cell of item carries the terpene 
biosynthetic gene cluster having terpene metabolite synthase 
genes, and wherein the transcription factor (particularly 
AN1599 SEQ ID NO: 74) of the gene cluster is operably 
linked to a suitable promoter and transformed to the cell. 
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In other embodiment the terpene biosynthetic gene cluster 

having terpene metabolite synthase genes is transformed to a 
host cell. The host may be heterologous or homologous to the 
cluster. 
The transcription factor operably linked to a promoter and 

activating a terpene biosynthetic gene cluster having terpene 
biosynthesis genes, may be homologous or heterologous to 
the host cell and/or said gene cluster. After transformation the 
host strain may have one or more copies of said transcription 
factor and promoter. 

Site-directed transformation of the transcription factor 
operably linked to a suitable promoter, transformation of 
single genes and/or transformation of a whole cluster or trans 
formation of genes of the pathway with the regulatory regions 
may be preferred to block translation of the unwanted genes 
of the host or to enhance the transcription of the synthetic 
pathway genes. 

In one embodimentagene encoding a transporterprotein is 
included to the production host. The transporter protein can 
be within the terpene pathway cluster, it can be natural to the 
host or introduced heterologous or homologous transporter. 
Transporter molecules represent an active transportation sys 
tem through cellular membranes or for example facilitated 
diffusion. They can force ions or small molecules through the 
membranes, for example enhance secretion of terpenes. It is 
well understood by the skilled person that transporters may 
enhance the production of desired product. For example, sev 
eral PDR type transporters as well as transporters of the major 
facilitator superfamily (MFS) were up-regulated in the arte 
misinic acid-producing Saccharomyces cerevisiae strain. 
These transporters may enhance the export of the terpene 
product (Ro et al). 

With the DNA array experiment, we noticed that the tran 
Scription of numerous transporters and transferases is upregu 
lated in the AN1599 transformant-strain where terpene bio 
synthetic pathway is activated (data not shown). Efficient 
transport of precursors and end products will likely be ben 
eficial for the production of secondary metabolites in fungi. 

Transcription factor (for example AN1599 SEQ ID NO: 
74) can activate the terpene biosynthetic pathway by activat 
ing the pathway genes (upregulation). The upregulation of the 
cluster genes by transcription factor (for example AN1599 
SEQID NO: 74) may also be associated with downregulation 
of other secondary metabolite clusters. Other secondary 
metabolite pathways might be competing for the precursor 
pool needed for the terpene biosynthesis. Hence, the down 
regulation of potentially competing clusters is an advantage 
for the specific production of the activated cluster compound. 

In this connection the transcription factor (for example 
AN1599 SEQ ID NO: 74) is capable of upregulating the 
whole terpene pathway. Activation of the pathway increases 
the amount of desired final product and decreases impurities 
including intermediates. The location of the transcription fac 
tor, such as AN1599 (SEQIDNO: 74), is not restricted. In one 
embodiment the transcription factor and the promoter are 
transformed to the host cell randomly, in another embodiment 
the transformation is site-directed. Thus the production host 
will have a native transcription factor within the cluster, and 
another copy(ies) of the said transcription factor operably 
linked to a promoter located elsewhere in the genome. 
The N-terminal region of a number of fungal transcription 

factors contain a cysteine-rich motif that is involved in zinc 
dependent binding of DNA. The region forms a binuclear Zn 
cluster, in which two Znatoms are bound by six Cys residues. 
Amino acids 45-86 in the transcription factor AN1599 (SEQ 
ID NO: 74) form a conserved Zn(II)2Cys6 DNA-binding 
domain. 
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Consensus sequence hacdnCrkkKvKCda . . 

Match +ac----Cr +Kv+ Co.-- 

AN1599 45-86 

Pfam (pfamjanelia.org/) sequence alignment for AN1599 
(SEQ ID NO: 74) conserved Zn(II)2Cys6 DNA-binding 
domain. 

In one embodiment the transcription factor has a sequence 
SEQID NO: 74, or a sequence showing at least 80% identity 
to SEQID NO: 74. In a preferred embodiment the transcrip 
tion factor has a sequence characterized by SEQID NO: 74. 
or a sequence showing at least 85%, 88%, 90%, 92%, 95%, 
98% identity to SEQID NO: 74. 
The promoter should be suitable to the host and preferably 

effective in cultivation conditions. Typically the promoter is 
homologous to the production host but also heterologous 
promoter can be used. The promoter can be a constitutive or 
an inducible promoter. An inducible promoter is especially 
advantageous when the final product or one or more of the 
intermediates is (are) harmful or toxic to the production host 
and controlled expression is preferred. Examples of suitable 
constitutively active promoters are promoters such as 
Aspergillus nidulans glyceraldehyde-3-phosphate dehydro 
genase (gpdA), and tryptophan biosynthesis gene trpC. 
Examples of suitable inducible promoters include nitrate 
reductase (nial)) promoter, alcohol dehydrogenase (alcA) 
promoter, acetamidase (amdS), and heterologous inducible 
promoters such as Penicillium chrysogenium endoxylanase 
(xylP). In one embodiment the promoter is Aspergillus nidu 
lans gpdA promoter. In one embodiment the promoter is 
Aspergillus glucoamylase (glaA) promoter. 

The host cell can be heterologous or homologous to one or 
more of the genes encoding transcription factor, promoter and 
the genetic cluster. Any production host can be used but 
preferably the host is a microbial cell Such as fungus, yeast or 
bacterium, more preferably a fungus and still more preferably 
a filamentous fungus. Examples of Suitable fungal host are 
Aspergillus, Penicillium, Trichoderma, Neurospora, 
Fusarium and Neosartorya. In one embodiment the host is 
Aspergillus, Penicillium or Trichoderma and in a preferred 
embodiment Aspergillus nidulans. Especially preferred host 
is Aspergillus nidulans homologous to the cluster. In one 
embodiment the host cell is Aspergillus nidulans FGSC A4. 

In the experimental section we describe AN1599-transfor 
mant strain that is Aspergillus nidulans strain FGSC A4 that 
has been transformed to carry extra copies of a Zn(II)2Cys6 
transcription factor AN1599 (SEQID NO: 74) gene under a 
constitutively active gpdA-promoter. The exogenous gene 
product (SEQ ID NO:10) is linearized with Pcil and trans 
formed into the host genome of the host strain. The integra 
tion site and the copy number of the expression construct are 
not known. 

Transformation and selection of transformants can be per 
formed by methods known in the art. One example is trans 
formation by protoplasting and selection using glufosinate 
ammonium. Stable transformation is obtained when the 
expression cassette is integrated to the chromosomal DNA of 
the host. However, also episomal plasmids and other non 
integrated constructs are within this invention. 
A gene cluster is a set of two or more genes that serve to 

encode proteins needed for the biosynthesis of a product. In 
one embodiment of the invention the terpene biosynthetic 
gene cluster is obtained from species Aspergillus, Neosarto 
rva or Microsporus, preferably Aspergillus nidulans, 
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Aspergillus niger, Neosartorya fischeri or Microsporum 
canis. Aspergillus nidulans and especially Aspergillus nidu 
lans FGSC A4 are most preferred. 

In another embodiment the cluster comprises essentially 
the genes encoding proteins characterized by 
SEQID NO: 74 or a sequence having at least 80%, preferably 
at least 85%, 90%, 95% or even 98% degree of identity to 
SEQ ID NO: 74 (AN1599), or an active fragment thereof. 
SEQIDNO: 65 or a sequence having at least 88%, 90%.95% 
or even 98% degree of identity to SEQID NO: 65 (AN1594), 
or an active fragment thereof. 
SEQID NO: 63 or a sequence having at least 90%, preferably 
at least 95%, 97% or even 98% degree of identity to SEQ ID 
NO: 63 (AN1593), or an active fragment thereof. 
SEQID NO: 61 or a sequence having at least 86%, preferably 
at least 90%, 95%, 97% or even 98% degree of identity to 
SEQ ID NO: 61 (AN1592), or an active fragment thereof. 
SEQID NO: 67 or a sequence having at least 90%, preferably 
at least 93%. 95%, 97%, 98% or even 99% degree of identity 
to SEQID NO: 67 (AN1595), or an active fragment thereof. 
SEQID NO: 73 or a sequence having at least 94%, preferably 
at least 95%, 97% or even 98% degree of identity to SEQ ID 
NO: 73 (AN1598), or an active fragment thereof. 
SEQID NO: 69 or a sequence having at least 90%, preferably 
at least 93%. 95%, 97%, 98% or even 99% degree of identity 
to SEQID NO: 69 (AN1596), or an active fragment thereof. 
SEQID NO: 71 or a sequence having at least 90%, preferably 
at least 93%. 95%, 97%, 98% or even 99% degree of identity 
to SEQID NO: 71 (AN1597), or an active fragment thereof 
and optionally 
SEQID NO. 59 or a sequence having at least 50%, preferably 
at least 60%, 70%, 75%, 80%, 85%, 90% or even 95% degree 
of identity to SEQID NO:59 (AN1591) or an active fragment 
thereof, and regulatory regions operably linked to said genes. 

In another embodiment the cluster comprises the genes 
encoding proteins as listed and characterized above. In still 
further embodiment the cluster comprises the genes encoding 
proteins (AN1599 SEQID NO: 74), (AN1594 SEQ ID NO: 
65), (AN1593 SEQID NO: 63), (AN1592 SEQID NO: 61), 
(AN1595 SEQ ID NO: 67), (AN1598 SEQ ID NO: 73), 
(AN1596 SEQID NO: 69), and (AN1597 SEQID NO: 71) as 
listed and characterized above. 

An active fragment’ means a fragment having all the parts 
needed for completing the function typical for the protein. 

In this connection the phrase “comprises essentially 
means that at least genes encoding the proteins needed for 
terpene production are included. In this connection at least 
genes encoding Zn(II)2CyS6-type transcription factor 
(AN1599 SEQID NO: 74), a terpene synthase (AN1594SEQ 
ID NO: 65), an HMG-CoA reductase (AN1593 SEQID NO: 
63), GGPP-synthase (AN1592 SEQID NO: 61), and regula 
tory regions operably linked to said genes should be included. 

Thus, cluster fragments can also be used. 
Organization of the genes within the biosynthetic pathway 

gene cluster is not critical, e.g. Aspergillus nidulans and 
Neosartorya fisheri carry the respective genes but the order of 
the genes is different. 

Thus, any combination of cluster fragments can be used. 
As used in the present context the term “identity” refers to 

the global identity between two amino acid sequences com 
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pared to each other from the first amino acid encoded by the 
corresponding gene to the last amino acid. For the purposes of 
the present invention identity is preferably determined by 
means of known computer programs using standard algo 
rithms. An example of such a program is NCBI BLAST: 
BLASTp (comparison of known protein sequences, amino 
acids). BLASTn (comparison of nucleic acid sequences), 
BLASTX (comparison of translated nucleic acid sequences 
against know protein sequences). 

In this connection the term "synthase genes' means 
gene(s) encoding the terpene cyclase and all genes encoding 
enzymes that are needed in modification of terpene. HMG 
CoA reductase is the rate-limiting enzyme in the isoprenoid 
precursor biosynthesis, and therefore indispensable for the 
synthesis of terpenes. Sufficient synthesis of precursor mol 
ecules critically impacts the yield of the desired metabolite. 
Increasing the amount of biosynthesis genes without the acti 
vated upstream precursor synthesis will not affect the yield of 
the product. When also the precursor pathway is activated it is 
possible to achieve optimal production levels for the target 
metabolite. 
Two DNA sequences are operably linked when the func 

tion of the promoter results in transcription. An operable 
linkage is a linkage in which a sequence is connected to a 
regulatory sequence (or sequences) in Such a way as to place 
expression of the sequence under the influence or control of 
the regulatory sequence. 

In this connection the regulatory areas for the cluster genes 
are naturally occurring within the host organism. The tran 
Scriptional control regions are associated with the coding 
region in nature. These regulatory areas are underinfluence or 
control of a transcription factor. For example, the DNA bind 
ing domain of transcription factor AN1599 (SEQID NO: 74) 
recognizes CGG triplets or other sequence stretches in vary 
ing orientations within the promoter region of the target genes 
in the biosynthetic cluster area (SEQID NO:57) thus activat 
ing the transcription of said genes. The CGG triplets or other 
sequence stretches affecting binding of the transcription fac 
tor have not been identified for each gene. However, the 
promoter areas within the identified cluster are specific for the 
transcriptional activation by the transcription factor AN1599 
(SEQID NO: 74). The naturally occurring regulatory regions 
included within SEQ ID NO:57 can be used with the 
expressed transcription factor to promote the transcription of 
the ORFs within the cluster. The regulatory region may con 
tain various elements, for example promoter(s), enhancer(s), 
repressor(s) or other sequences that regulate transcription or 
translation. A regulatory region can be exogenous or endog 
enous in relationship to the host organism. The regulatory 
regions for the cluster genes described herein (SEQ ID 
NO:57) are endogenous as well as naturally occurring in 
relation to coding regions of the genes described. 
The promoter used in the overexpression of the transcrip 

tion factor AN1599 (SEQ ID NO: 74) described herein is 
endogenous but not naturally occurring. The promoter is 
operably linked to a coding sequence. The promoter used in 
the overexpression of the transcription factor can also be 
heterologous. As used herein, the terms "heterologous pro 
moter” and "heterologous control regions' refer to promoters 
and other control regions that are not normally associated 
with a particular nucleic acid in nature. The fungal strain 
overexpressing AN1599 (SEQID NO: 74) described herein 
also contains natural regulatory region(s) that are associated 
with the coding region of AN1599 (SEQID NO:74) in nature. 
The mechanism ofupregulation of AN1599 (SEQID NO: 74) 
transcription factor through its natural regulatory regions is 
not known. Activation of the pimaradiene cluster described 
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12 
herein by activation of AN1599 (SEQID NO: 74) through its 
naturally occurring regulatory region(s) is within the embodi 
ments of this invention. 

In a biosynthetic gene cluster the regulatory regions 
between the enzyme? protein encoding regions comprise pro 
moters, terminators and regions to which various regulatory 
factors are able to attach. The terms “DNA regulatory 
sequences”, “control elements', and “regulatory elements' 
used interchangeably herein, refer to transcriptional and 
translational control sequences, such as promoters, enhanc 
ers, polyadenylation signals, terminators, protein degradation 
signals, and the like, that provide for and/or regulate expres 
sion of a coding sequence and/or production of an encoded 
polypeptide in a host cell. In one embodiment the regulatory 
regions are those characterized by SEQ ID NO: 57, or a 
sequence having at least 40%, preferably at least 50%, 60%, 
70%, 80% or even 90% degree of identity to said SEQID NO: 
57 without fractions encoding the synthetic proteins. 

It is also embodiment of the invention to use the transcrip 
tion factor for production of diterpenoids, preferably pimara 
diene or its derivates, and especially ent-pimara-8014), 15 
diene or its derivatives. 
One embodiment is the use of Aspergillus nidulans FGSC 

A4 for producing terpenes using the method as described here 
and illustrated in the experimental part. 
The invention is illustrated by the following non-limiting 

examples. It should be understood, however, that the embodi 
ments given in the description above and in the examples are 
for illustrative purposes only, and that various changes and 
modifications are possible within the scope of the invention. 

EXAMPLES 

Example 1 

Locating the Terpenoid Clusters in Different 
Filamentous Fungi and the Selection of the Clusters 

to be Studied 

Protein sequences of 33 fungi (Arvas et al.) were mapped to 
their respective genome sequences by BLAST (Altschulet 
al.) in order to find genomic co-ordinates for each gene. From 
the gene co-ordinates windows of 16 and 30 consecutive 
genes along chromosomal sequence were calculated, moving 
the window along chromosome with increments of 2 and 5 
genes, respectively, to coverall 33 genomes with overlapping 
windows. For each window its protein domain content i.e. 
InterPro (Mulder et al.) identifier content was determined 
based on protein domains of individual genes derived from 
InterPro data of Arvas et al. All windows containing identifi 
ers IPRO08949 Terpenoid synthase' and IPRO08930 Terpe 
noid cyclase were found, and the list of these windows was 
used as source for selecting gene clusters for laboratory 
manipulations. Alternatively windows containing 
IPR008930, IPRO01128 °Cytochrome P450 and IPR001138 
Fungal transcriptional regulatory protein were looked for. 
Data manipulations and visualizations were carried out with 
custom R (www.r-project.org/) & Perl (www.perl.org/) 
Scripts. 

Clusters with a putative diterpenoid synthase gene located 
close to a fungal Zn(II) Cys-type transcription factor were 
identified. The clusters chosen for further analysis also 
included putative Cytochrome P450-genes as well as 
enzymes predicted to participate interpenoid precursor Syn 
thesis or modification of the terpenoid product. The three 
selected clusters from Aspergillus nidulans did not reside in 
the immediate vicinity of another secondary metabolite Syn 
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thase gene. Such as polyketide synthase, thus avoiding the 
study of hybrid metabolite clusters. The transcription factors 
from the three selected clusters were AN1599 (SEQID NO: 
1), AN3250 (SEQ ID NO: 2) and AN6814 (SEQ ID NO:3). 
Similar clusters were also found in Neosartorva fischeri, 
Microsporum canis, Trichoderma reesei, Neurospora Crassa, 
Aspergillus clavus, Aspergillus fumigatus, Aspergillus niger; 
Aspergillus Oryzae, Aspergillus terreus, Botrytis cinerea, 
Magnaporthe grisea, Fusarium graminearum, and Fusarium 
Oxysporum, and the terpenoid clusters were mapped in Ash 
bya gossypii, Candida albicans, Candida glabrata, Candida 
guilliermondii, Candida lusitaniae, Chaetomium globosum, 
Debaryomyces hansenii, Kluyveromyces lactis, Pichia pas 
toris, Pichia stipitis, Saccharomyces castellii, Saccharomy 
ces cerevisiae, Saccharomyces kluyveri, Yarrowia lipolytica, 
Coprinus cinereus, Cryptococcus neoformans, Phanerocha 
ete chrysosporium, Coccidioides immitis, Schizosaccharo 
myces pombe, Sclerotinia Sclerotiorum, Stagonospora 
nodorum, Ustilago maydis, and Rhizopus Oryzae. 

FIG. 1 shows chromosomal areas of predicted terpene syn 
thase clusters. Pictures are adapted from Aspergillus Genome 
Database (Arnaud et al.) using Genome Browser tool. 

Example 2 

Cloning of the Selected Transcription Factorsin 
Fungal Expression Constructs 

Genomic DNA was extracted by homogenizing 300-500 
mg of FGSC A4 mycelia grown over night in YES-medium. 
500LL of glass beads (Acid-washed glass beads, cat #G8772, 
Sigma), 500 uL 1XTE-buffer, pH 7.5 and 500 uL phenol 
chloroform-isoamyl alcohol was added to 2 mL vial with 
mycelia and homogenized in Fast Prep-homogenizer at speed 
6 for 25 seconds. Aqueous layer was separated with 5 minute 
centrifugation at 15 000 rpm at 4°C., and 650 uL of phenol 
chloroform-isoamyl alcohol was added. DNA purification 
from the aqueous phase was continued according to phenol 
extraction and ethanol precipitation of DNA-protocol (Cur 
rent Protocols in Molecular Biology). Concentration of the 
DNA was measured with Nanodrop (Thermo Scientific). 
Open reading frames (ORFs) of AN1599 (SEQID NO: 1), 

AN3250 (SEQID NO: 2) and AN6814 (SEQID NO:3) were 
amplified with PCR using 43 ng of genomic DNA extracted 
from Aspergillus nidulans FGSCA4 as template. Primer con 
centration was 300 nM for both sense and anti-sense primers 
in 50 uL total volume. PCR was done according manufactur 
er's protocol with Expand High Fidelity PCR System (Cat 
#11 732 650 001, Roche). Primers used in the PCR for 
Aspergillus nidulans AN1599 were SEQID NO. 4 and SEQ 
ID NO: 5, primers used in the PCR for Aspergillus nidulans 
AN3250 were SEQID NO: 6 and SEQID NO:7, and primers 
used in the PCR of Aspergillus nidulans AN6814 were SEQ 
ID NO: 8 and SEQ ID NO: 9. Oligos were synthesized at 
0.025 scale and purified by desalting at Sigma-Aldrich. 

Amplification for AN1599 and AN6814 was done in ther 
mal cycler with following parameters: 1 cycle at 95°C. for 5 
minutes, 30 cycles at 94° C. for 15 seconds, 68° C. for 30 
second, and 72° C. for 2 minutes, 1 cycle at 72° C. for 7 
minutes, and cool down at +4°C. Amplification of AN3250 
was done with following parameters: 1 cycle at 95°C. for 5 
minutes, 30 cycles at 94° C. for 15 seconds, 63° C. for 30 
second, and 72°C. for 1 minute 20 seconds, 1 cycle at 72°C. 
for 7 minutes, and cool down at +4° C. Fragments were 
checked on agarose gel and cloned into pCR 2.1 TOPO 
vector (Cat #K4510-20, TOPOTA Cloning R. Kit (with pCR 
2.1 TOPO-vector), Invitrogen) according to manufacturers 
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protocol. Full-length genomic AN1599 was digested from 
pCR2.1 TOPO-vector with Spel (cat #R0133S, New England 
Biolabs, Inc.), and AN3250 and AN6814 were digested with 
both Spel and Apal (cat #R0114S, New England Biolabs, 
Inc.). All fragments were sub-cloned into pKB1-vector. 

pKB1-vector was constructed by adding PCR-amplified 
glufosinate ammonium resistance gene, bar, into Not-site of 
modified pAN52-1NotI-vector (Kuorelahti et al.). bar-frag 
ment had been PCR amplified from pTJK1 (Jones et al.) with 
added NotI-sites on both ends of the fragment. The fragment 
contains Aspergillus nidulans trpC promoter upstream of bar 
resistance gene. AN 1599-fragment was cloned into the Spel 
site of pKB1 (SEQ ID NO: 10), and AN3250 and AN6814 
were cloned into the Spel and Apal-sites of pKB1-vector 
(SEQ ID NO: 11 and SEQ ID NO: 12 respectively). All 
constructs were sequence-verified before transformations. 
Schematic representations of the expression vectors for 
AN1599, AN3250 and AN6814 are shown as FIGS. 2, 3 and 
4, respectively. 

Example 3 

Generating the Fungal Strains Overexpressing the 
Transcription Factor 

Conidia of Aspergillus nidulans strain FGSC A4 Glasgow 
wild type (veA+) (Fungal Genetics Stock Center, School of 
Biological Sciences, University of Missouri, Kansas City, 
5007 Rockhill Road, Kansas City, Mo. 641 10, USA) were 
inoculated in YES-medium supplemented with gelatine 20 g 
BactoTMYeast Extract (Cat #212750, Becton, Dickinson and 
Company), 40 g sucrose (Calbiochem Cat #573113) and 30 g 
DifcoTM Gelatin (Cat #214340, Becton, Dickinson and Com 
pany) per liter of dH2O, and grown at +24°C. in shaking 
flasks over night with 250 rpm. Cultures were transferred to 
+30°C. shaker the next morning and the grown with 250 rpm 
for 2 hours. Protoplasts were prepared from Aspergillus nidu 
lans FGSC A4 mycelium, that was filtered through sterile 
Miracloth, and rinsed with +37° C. dHO, and room tempera 
ture citrate buffer 0.8 M KC1, 0.05 M. Na-citrate, pH 5.8. 
Filtrated mycelium was resuspended in 100 mL of room 
temperature citrate buffer supplemented with 1 mM 
dithiotreitol and 50 mL of 3% enzyme-solution 1.5 g of 
Hydrolyzing enzymes from Trichoderma harzianum, cat 
#L1412, Sigma in 50 mL of citrate buffer was added. Proto 
plasting was done at +30°C. for 2.5 hours shaking at 100 rpm, 
and protoplast formation was monitored under microscope at 
50 minute-, and 1.5 hour-time-points during the enzyme 
treatment. Suspension was cooled on ice for 10 minutes and 
then filtered through sterile Miracloth to a sterile flask, and 
the protoplast Suspension was transferred to 50 mL conical 
tubes. Protoplasts were centrifuged at 1500xg for 5 minutes at 
+4° C. in a tabletop centrifuge, and Supernatant was dis 
carded. Pelleted protoplasts were washed with cold GTC 
buffer1 Mglucose, 50mM CaCl, 10 mM Tris-HCl, pH5.8), 
centrifuged at 1500xg for 5 minutes at +4°C. in a tabletop 
centrifuge, and resuspended in 600 uL of GTC. 600 u, of 
40% glycerol was added and protoplasts were stored at -80° 
C. until transformation. 

Selective plates for the transformation were prepared with 
modified minimal medium (MM) (Kaminsky). 1 liter of MM 
was supplemented with 1 mL of Triton X-100 (Cat #93418, 
Fluka Analytical), 18g of DifcoTM Agar Noble (Cat #214230, 
Becton, Dickinson and Company), and 200 g/mL of glufo 
sinate ammonium (Cat #45520, Glufosinate-ammonium, 
PESTANAL(R), Sigma-Aldrich). Glufosinate ammonium was 
added to cooled Solution after autoclaving. Top agar used in 
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the transformations was prepared without Triton X-100 in 
minimal medium Supplemented with 2% agar and 2001g/mL 
of glufosinate ammonium. Selective MM-plates were also 
used for the Subsequent selection of the transformants. 

Protoplast suspension was thawed on ice and 400 uL of the 
suspension was transferred to a 15 mL tube. Glycerol was 
washed out with 2 mL of cold GTC, and protoplasts were 
suspended in 180 uL of cold GTC. 20 ug of the expression 
plasmids were linearized with Pcil (cat #R0655S, New 
England Biolabs Inc.) at +37° C. for 1.5 hours. Linearized 
DNA was precipitated at -80°C. for 15 minutes after adding 
dHO up to 100 uL. 10 ul of 3 MNaAc (sodium acetate), pH 
4.8, and 275 uL of 94% EtOH. Precipitated DNA was col 
lected by 5 minute centrifugation at 15 000 rpm at +4°C., 
washed with 70% EtOH and re-suspended in 20 uL of GTC. 
DNA was added to protoplasts and mixed by tapping the tube. 
50 uL of PEG-solution 25% PEG6000, 50 mM CaCl, 10 
mM Tris-HCl, pH 7.5 was mixed with protoplast and DNA 
and the tubes were incubated on ice for 20 minutes. 2 mL of 
PEG-solution was added, and the transformation solution was 
transferred to 15 mL vial. The vial was incubated at room 
temperature for 5 minutes, 4 mL of RT GTC was added, and 
tubes mixed by inverting. 6 mL of +55° C. top agar was 
Supplemented with 1.2 mg of glufosinate ammonium and 
added to 6 mL of transformation mix. Vials were mixed by 
inverting and the top agar with transformed protoplasts was 
poured on selective minimal medium (MM)-plates. 

Plates were incubated at +30°C. until transformed colonies 
were visible. Colonies from transformation plates were 
picked on the selective MM-plates, diluted to single-nucle 
ated colonies and the insertion of the expression constructs 
was verified with PCR from the genomic DNA of the selected 
clones. Sense primer used for the checking of the expression 
cassettes was SEQID NO: 13, and the gene-specificantisense 
primer for Aspergillus nidulans AN1599 was SEQ ID NO: 
14, for AN3250 SEQ ID NO: 15, and for AN6814 SEQ ID 
NO: 16. PCR-confirmed positive clones were grown on 
potato dextrose plates 37 g of Difco TM Potato Dextrose Agar 
per liter of dHO until the spore collection. Spores of the 
transformant fungi were collected into 0.8% NaCl, 0.025% 
Tween-20 and 20% glycerol, and stored at -80° C. 

Example 4 

Real-Time PCR Analysis to Check the Expression of 
the Integrated Transcriptional Activators and Two 

Target Genes from Each Cluster 

Transformant spores collected from potato dextrose plates 
were inoculated in YES-media and grown to confluency in 
shaking flasks at +30° C. 250 rpm. Mycelium was harvested 
to sterile Miracloth (#475855, Calbiochem) by vacuum fil 
tration, rinsed with +37° C. dHO, and three 100 uL batches 
of each culture were Scooped into 1.5 mL microfuge tubes, 
flash frozen in liquid nitrogen and stored at -80°C. until RNA 
extraction. 

Three RNA extractions were done from each transformant 
culture to have statistical variation within the sample prepa 
ration. RNA was extracted from 100 uL of frozen mycelium, 
which was homogenized in 450 uL RLT-buffer (RNeasy(R) 
Plant Mini Kit, Cat #74904, Qiagen) supplemented with 
b-mercaptoethanol using pestle and motor mixer (VWRTM 
Disposable Pestle, Cat #47747-358, Pellet Mixer, Cat 
#47747-370). Samples were further homogenized with 
QiaShredder column (RNeasy(R) Plant Mini Kit, Cat #74904, 
Qiagen), and the RNA extraction protocol was continued 
following RNeasy R. Plant mini Kit-protocol. Genomic DNA 
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was removed from the samples using RNase-Free DNase Set 
(Cat #79254, Qiagen) following the DNase Digestion of RNA 
before RNA Cleanup-protocol. RNA was quantified spectro 
photometrically using Nanodrop (Thermo Scientific), and the 
quality of the RNA was checked with agarose gel electro 
phoresis. 
cDNA synthesis was done following the protocol of Tran 

scriptor First Strand cDNA Synthesis Kit (Cat #04 897 030 
001, Roche) with 5ug of total RNA as template. cDNA was 
stored at -20° C. until analysis. Each sample was tested in 
three replicates to see the variation in quantitative PCR reac 
tion set-up. Real-time quantitative PCR analysis reactions 
were set up using the protocol for LightCyclerR 480 SYBR 
Green I Master mix (Cat #04887352001, Roche), and ana 
lyzed in LightCyclerR 480 Instrument (Roche). The 15 uL 
reactions were prepared in LightCyclerR 480 white Multi 
well Plate 96 (Cat #04729692001, Roche) using 0.5uM con 
centration of the primers. 

Each transformant strain was tested with qPCR to see, if 
the integrated transcriptional activators have higher expres 
sion levels, than the FGSC A4 wild type strain. In addition to 
checking the Success of the transformant generation, the acti 
vation of the clustered genes was checked with the primers 
specific to the genes putatively encoding a terpene synthase, 
and one modifying enzyme from each cluster. 
PCR parameters for AN1599, AN1594, AN1598, AN3250, 

AN3252 and AN3253 were: Pre-incubation: 5 minutes at 95° 
C. with a ramp rate of 4.4°C./s; Amplification for 50 cycles: 
95° C. for 10 seconds with a ramp rate of 4.4° C./s, 60° C. for 
10 seconds with a ramp rate of 2.2°C./s, 72°C. for 10 seconds 
with a ramp rate of 4.4° C./s; Melting curve: 95° C. for 5 
seconds with a ramp rate of 4.4°C./s, 65° C. for 1 minute with 
a ramp rate of 4.4° C./s and then continuously to 97° C.; 
Cooling at 40°C. for 10 seconds with a ramp rate of 1.5°C./s. 
The primers used in quantitative PCR analysis were SEQID 
NO: 17 and SEQID NO: 18 for Aspergillus nidulans f-actin, 
SEQID NO: 19 and SEQID NO: 20 for AN1599, SEQ ID 
NO: 21 and SEQID NO: 22 for AN1594, SEQID NO: 23 and 
SEQID NO: 24 for AN1598, SEQID NO: 25 and SEQ ID 
NO: 26 for AN3250, SEQID NO: 27 and SEQID NO: 28 for 
AN3252, SEQID NO: 29 and SEQ ID NO:30 for AN3253. 
PCR parameters for AN6810, AN6814 and AN6807 were: 

Pre-incubation: 5 minutes at 95°C. with a ramp rate of 4.4° 
C./s; Amplification for 50 cycles: 95°C. for 10 seconds with 
a ramp rate of 4.4° C.7s, 57°C. for 10 seconds with a ramp rate 
of 2.2° C./s, 72°C. for 10 seconds with a ramp rate of 4.4° 
C./s; Melting curve: 95°C. for 5 seconds with a ramp rate of 
4.4°C./s, 65°C. for 1 minute with a ramp rate of 4.4°C./sand 
then continuously to 97°C.: Cooling at 40°C. for 10 seconds 
with a ramp rate of 1.5° C./s. Primers used in quantitative 
PCR analysis were SEQID NO:31 and SEQID NO:32 for 
AN6814, SEQID NO:33 and SEQID NO:34 for AN6810, 
SEQ ID NO: 35 and SEQ ID NO: 36 for AN6807. The 
expression levels were normalized to the levels of B-actin 
expression in each sample. 

Efficiencies for each primer set were calculated from serial 
dilutions of the template cDNA, and the expression fold ratios 
were quantified using pfaffl-equation (Pfaffl). The results are 
shown is FIG. 5. 

Albeit the high expression of Aspergillus nidulans tran 
scription factors AN3250 (2676.85-fold higher than the 
Aspergillus nidulans FGSC A4 control) and AN6814 
(7848.1-fold higher than the control) in their corresponding 
transformant strains, the expression levels of the predicted 
target genes were not significantly elevated. In the Aspergil 
lus nidulans AN1599-transformant strain, the approximately 
100-fold expression of the transcription factor was sufficient 
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to significantly activate the two predicted target genes 
AN1594 (11088-fold higher expression than in the control 
and AN1598 (3746.9-fold higher than in the Aspergillus nidu 
lans FGSCA4 control). Aspergillus nidulans AN1599-trans 
formant strain was chosen for the Subsequent experiments. 

Example 5 

Identifying the Cluster Limits with Quantitative 
Real-Time PCR Analysis (qPCR) 

Expression of 13 genes in the genomic area of AN1599 was 
quantified with qPCR in Aspergillus nidulans AN1599-trans 
formant and FGSC A4 to see which of the genes respond to 
the over-expression of the transcription factor. Total RNA 
extraction and cDNA synthesis-protocol, and the primers for 
AN1594, AN1598, and AN1599 were the same as in Example 
5. Expression of AN1588 was checked with primers SEQID 
NO:37 and SEQID NO:38, AN1589 with primers SEQID 
NO:39 and SEQID NO:40, AN1590 with primers SEQID 
NO: 41 and SEQID NO: 42, AN1591 with primers SEQ ID 
NO: 43 and SEQID NO: 44, AN1592 with primers SEQ ID 
NO: 45 and SEQID NO:46, AN1593 with primers SEQID 
NO: 47 and SEQID NO: 48, AN1595 with primers SEQID 
NO: 49 and SEQID NO: 50, AN1596 with primers SEQID 
NO: 51 and SEQID NO: 52, AN1597 with primers SEQID 
NO: 53 and SEQID NO: 54, AN1600 with primers SEQID 
NO:55 and SEQID NO:56. 
The PCR parameters were: Pre-incubation: 5 minutes at 

95° C. with a ramp rate of 4.4° C./s; Amplification for 50 
cycles: 95°C. for 10 seconds with a ramp rate of 4.4° C./s, 55° 
C. for 10 seconds with a ramp rate of 2.2° C./s, 72° C. for 10 
seconds with a ramp rate of 4.4° C./s; Melting curve: 95°C. 
for 5 seconds with a ramp rate of 4.4° C.7s, 65°C. for 1 minute 
with a ramp rate of 4.4° C./s and then continuously to 97°C.; 
Cooling at 40°C. for 10 seconds with a ramp rate of 1.5°C./s. 

All expression values were normalized with B-actin 
expression and the fold-ratios of the Aspergillus nidulans 
AN1599-transformant were compared to those of the 
Aspergillus nidulans FGSC A4 wild type fungus. Primer effi 
ciencies and the expression fold ratios were calculated as in 
Example 5. The results are shown is FIG. 6. 

Genes belonging to the putative diterpene secondary 
metabolite cluster were identified with quantitative real-time 
PCR and DNA array expression analysis. The genes in the 
cluster are AN1592, AN1593, AN1594, AN1595, AN1596, 
AN1597, AN1598, AN1599, and putatively AN1591. 

Further, homologies of the gene products within putative 
terpene cluster were estimated using NCBI BLASTp-pro 
gram. 

Table 1. shows the closest match obtained using deduced 
amino acid sequences in BLASTp (protein-protein BLAST) 
search with non-redundant protein sequences (nr) as data 
base. 

Iden- Posi- Cov 
tities tives erage 

Protein Closest match (%) (%) (%) 

SEQID NO:59 Aspergilius niger 46 62 84 
AN1591 An O7g04480 
SEQID NO: 61 GGPP-synthase 85 91 100 
AN1592 Neosartorya fisheri 

NFIA OO987O 
SEQID NO: 63 HMG-CoA reductase 89 95 100 
AN1593 Neosartorya fisheri 

NFIA O09850 
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-continued 

Iden- Posi- Cov 
tities tives erage 

Protein Closest match (%) (%) (%) 

SEOID NO: 65 Hypothetical protein 86 92 97 
AN1594 Neosartorya fisheri 

NFIA O09790 
SEQID NO: 67 Elongation factor 1 89 95 92 
AN1595 gamma 

Neosartorya fisheri 
NFIA O09800 

SEQID NO: 69 Conserved hypothetical 89 94 100 
AN1596 protein 

Aspergillus terretts 
ATEG OOO56 

SEQID NO: 71 Neosartorya fisheri 89 95 91 
AN1597 NFIA OO9820 
SEQID NO: 73 Putative Cytochrome 92 95 99 
AN1598 P450 monooxygenase 

Neosartorya fisheri 
NFIA OO9830 

SEQID NO: 74 C6 Zinc finger domain 79 84 99 
AN1599 protein 

Neosartorya fisheri 
NFIA O09840 

Example 6 

Identifying the Product of the Activated Secondary 
Metabolite Cluster in AN1599-Transformant with 

SPME-GC/MS 

The results of the expression analysis showed highly 
elevated transcription levels for seven of the predicted sec 
ondary metabolite cluster genes. Product was expected to be 
a diterpenoid compound. Diterpenoids are usually semi-vola 
tile or volatile components, which can be efficiently separated 
and identified with Gas Chromatography. The method chosen 
for the analysis of the product in the activated strain was Solid 
Phase Microextraction-Gas Chromatography/Mass Spec 
trometry analysis (SPME-GC/MS), which detects semi-vola 
tile and Volatile components with minimal handling of the 
samples. 

Conidia of AN 1599-transformant and FGSC A4 were 
inoculated in 2 mL of YES-media supplemented with 3% 
gelatine and grown at +30°C. in 15 mL culture vials shaking 
250 rpm for 44 hours. Different amounts of conidia were 
seeded to get the similar confluency of both AN1599-trans 
formant and FGSC A4 wild-type control-samples at the end 
of culturing. The cultures with matching confluencies were 
subjected to SPME-GC/MS. 

Samples were transferred to air-tight SPME-vials. The 
extraction was done with 100 um PDMS fibre at +80° C. for 
1 hour. After extraction, the analytes were desorbed during 5 
min at +250° C. in the injector of the gas chromatography. 
Analytes were separated on Ultra 2 capillary column of 25 
mx0.2 mm with a phase thickness 0.33 Lum. The temperature 
program was: +40°C., holding 1 min. 9°C./min increased up 
to +130°C., followed by 2°C./min increased up to +23.0°C., 
holding 1 min. MS was operated in electron-impact mode at 
70 eV, in the scan range m/z 40-550. Compounds were iden 
tified by use of the PAL spectral library. The result is shown in 
FIG. 7 and FIG. 8. 
The SPME-gas chromatogram showed a major peak at 

35,841 minute retention time for AN1599-transformant fun 
gus. This peak was not present in the FGSC A4 control. This 
peak was further analyzed by its mass spectrum to be ent 
pimara-8014), 15-diene with 96% quality. The analysis veri 
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fied that AN1599 activates an ent-pimara-8(14), 15-diene 
diterpene cluster in the transformant fungus. 

Chemical structure of ent-pimara-8014), 15-diene. Molecu 
lar formula CH2 molecular mass 272.46808 g/mol. 
IUPAC names: (4a5.4b5,7S,10aS)-7-ethenyl-1,1,4a,7-tet 
ramethyl-3,4,4b,5,6,9,10,10a-octahydro-2H-phenanthrene 
and 53.9B. 10C.13C-pimara-8014), 15-diene. 

Example 7 

Recovery of the Terpene Product and Further 
Identification of the Product with GC/MS 

Extraction 
Both Aspergillus nidulans AN1599-transformant and 

FGSC A4 strains were grown to confluency in 200 mL YES 
media supplemented with 3% gelatin. Mycelia was filtered 
through sterile Miracloth, wrapped in aluminium foil, and 
frozen in liquid nitrogen. Mycelial pellets were stored at -80° 
C. until homogenized with mortar and pestle in liquid nitro 
gen. The powdered mycelia was weighed and 2 g of mycelia 
was extracted with 20 mL of hexane:ethyl acetate (1:1) in 100 
mL glass Erlenmeyer flasks in ultrasonic water bath for 1 hour 
in room temperature. Solvent phase of hexane:ethyl acetate 
extract was separated by centrifuging the samples at 1500 
rpm for 5 minutes at +4°C. 
GC-MS Assay of Diterpenes 

1 Jul volume of the extract was injected in a split mode (split 
ratio 10:1) into Agilent 6890 gas chromatography connected 
to Mass Selective Detector. Analytes were separated on HP-1 
capillary column of dimensions 25 mx0.32 mmx0.17 um. 
The temperature program began at 100° C., holding 0.5 min 
and then increased by rate of 10°C/min to final temperature 
of 320°C., holding 25 min. The flow rate of carrier gas (He) 
was 1.3 mL/min (constant flow mode). The temperatures of 
the injector and MS source were 260° C. and 23.0°C., respec 
tively. MS was operated in electron-impact mode at 70 eV 
with full scan mode m/z 40-550. The result is shown as FIG. 
9. The identification was made with PAL spectral library. 

Example 8 

DNA Array Expression Analysis 

Both AN1599-transformant and FGSC A4 Strains were 
subjected to DNA array expression analysis to verify the 
results of the quantitative real-time PCR and to get a broader 
understanding of the transcriptional changes in the AN1599 
transformant fungus. DNA array expression analysis enables 
the screening of the transcriptional levels of all known genes 
of Aspergillus nidulans. 
Chip Design 

Sequence source for the 10597 transcripts in the DNA 
array design was: ftp.ensembly enomes.org/pub/fungi/re 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
lease4/fasta/aspergillus nidulans/cdna/Aspergillus 
nidulans. CADRE2.4.cdna.allfa.gZ. Sequence Source for the 
whole genome was: ftp.ensembly enomes.org/pub/fungi/re 
lease-4/embl/aspergillus nidulans/Aspergillus 
nidulans.0...dat.gZ 
DNA array chip was custom designed and the chip manu 

facturing was carried out by Nimblegen using Custom 
Eukaryotic 12x135K Array format. Expression portion was 
designed by selecting 6 probes per transcript for 10546 out of 
10597 transcripts (51 not found, 18 less than 6 probes per 
transcript, 114 duplicate probes/exemplars). 
Sample Preparation for DNA Array Gene Expression Analy 
S1S. 

Three 50 mL cultures were inoculated for both FGSC A4 
and AN1599-transformant strain. The cultures were grown 
over night at +37° C. shaking incubator at 250 rpm in YES 
medium Supplemented with gelatine. Each culture flask was 
monitored for the pH changes during growth and the samples 
for the DNA array were taken from cultures at pH-values 5.76 
to 5.94. This pH-range corresponds to the early exponential 
growth phase of Aspergillus nidulans (data not shown). 
FGSCA4 reached the exponential growth phase in 21.5 hours 
and the AN1599-transformant strain in 26 hours. Mycelia 
were filtered through sterile Miracloth and three 100 L 
samples of wet mycelia were Scooped to microfuge tubes 
from two separate culture flasks of each strain giving a total of 
six replicates for each strain, 12 Samples altogether. Mycelia 
were frozen in liquid nitrogen and the total RNA was purified 
as in example 5. RNA quality was assessed with the standard 
protocol of Agilent 2100 Bioanalyzer by Agilent Technolo 
gies. 30-50 ug of total RNA was sent to RocheNimblegen for 
cDNA synthesis, probe hybridization, scan and preliminary 
analysis. 

Example 9 

Analysis of the DNA Array 

DNA array data was analyzed with ArrayStar program 
from DNASTAR. Expression fold changes were calculated 
using 99% significance level measured with Student's T-test. 
P-values for all the fold change differences were sO.01. The 
expression profile of the terpene biosynthetic gene cluster is 
represented in FIG. 6 with quantitative real-time PCR results. 
The results of the DNA array were consistent with the qPCR 
data for the cluster genes. DNA array expression analysis 
revealed a total of 66 genes with more than 5-fold upregula 
tion in the AN1599-transformant compared to FGSCA4 con 
trol strain. These 66 genes included the seventerpene biosyn 
thetic cluster genes (AN1592, AN1593, AN1594, AN1595, 
AN1596, AN1597 and AN1598). 75 genes were more than 
5-fold downregulated in the transformant strain. Interest 
ingly, many of the highly downregulated genes were identi 
fied as other secondary metabolite biosynthesis genes with 
BLASTp and pfam-homology searches, such as genes coding 
for proteins of polyketide and nonribosomal peptide biosyn 
thetic pathways. None of the other terpene clusters showed 
any significant change in the expression levels in the trans 
formant compared to the control. 

This proves the hypothesis of the specific upregulation of 
the target diterpene cluster genes, and shows that other pos 
sibly competing secondary biosynthetic pathways stay either 
silent or are further downregulated when the biosynthetic 
pathway for ent-pimara-8014), 15-diene is activated. In addi 
tion, expression of many transporter and transferase-genes 
were upregulated in the AN1599-transformant. This can be 
beneficial for the production of the diterpene compound and 
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for the wellbeing of the fungus itself by protecting it from the 
accumulation of harmful side products. The holistic tran 
scriptional regulation in the AN1599-transformant due to the 
cluster activation Supports the specific production of ent 
pimara-8014), 15-diene. 5 

FIG. 10 shows the holistic effect of the transcriptional 
regulation in the AN1599-transformant, where other second 
ary metabolite clusters are either downregulated or stay at the 
level of the control strain. 

10 
Example 10 

Sequence Data for the Whole Genomic Area of the 
Terpene Biosynthetic Gene Cluster 

15 

The genomic sequence for the identified terpene biosyn 
thetic gene cluster, SEQ ID NO: 57, has been adapted from 
NCBI webpage TPA reasm: Aspergillus nidulans FGSC A4 
chromosome VII, sequence coordinates 1222669 to 1249423. 
This sequence covers 1499 base long promoter region for the 20 
first putative cluster gene, AN1591, and a 1499 base long 
terminator region for the last putative cluster gene, AN1599. 
The whole genomic sequence is 26775 bases long and it 
covers genes AN1591 (SEQ ID NO. 58), AN1592 (SEQ ID 
NO. 59), AN1593 (SEQID NO:60), AN1594 (SEQID NO: 2s 
61), AN1595 (SEQID NO: 62), AN1596 (SEQID NO: 63), 
AN1597 (SEQID NO: 64), AN1598 (SEQID NO: 65), and 
AN1599 (SEQ ID NO: 1). 
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atgtaccc.gt ggagttcgac aggaacgt.ca cc.gttitt CC at CC cacaa taaggcgcg 60 

gaatcggggg at atgagcat gggggaagag cagcagdaac cccaccagag gCdC Cagaaa 12O 

ttgtgagtaa aatgtgtc.gc aaccgatgag accc.ccgact tcgagaggala totatttaga 18O 







<4 OOs, SEQUENCE: 3 

atgtttgaac 

tacctctgca 

acggcc caaa 

gaactg.cgta 

Cttggc.cgac 

Catgagcttg 

tt tacct act 

tactgggaca 

gcc.gc.ct citc 

tggittagaga 

tcgacagacg 

cggcttctgc 

agttitt cott 

titcc to aaag 

gttt cqtgct 

cggcgataa 

tggagactico 

atgcct catt 

ttct cqgt ct 

gatgcatctg 

catcatc.cgt. 

Ctcggcagtic 

gctgcc tagt 

tcaaac aggc 

ctgtcc ct ga 

gctictaagtt 

tggagcatct 

citc.cgt catg 

atgcggctac 

gctggtacga 

ggctitatic cc 

<210s, SEQ ID NO 4 
&211s LENGTH: 30 
212. TYPE : DNA 

27 

gtctatoagc 

ccagaacatg 

t catctogac 

gtggactict c 

gtc.cgaggtg 

actgtcgaat 

cacaactittg 

CCttctggcg 

ggcagaattit 

tgctatgaag 

agaccCagaa 

Ctaccataac 

tcc.gc.cacct 

Cat Caccoat 

ggcct atcag 

act cacticag 

act ct coagt 

gcgcatacca 

ccaccc.gctg 

tacgtggttg 

acagaggcct 

attgcggctic 

gcgaatggag 

tittgcgttgc 

acaggacgca 

cgctatocta 

atggit catga 

aatggcgttg 

gtc.ct Ctgcg 

tggcaatgga 

agagtgcggg 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 4 

gcactagttc atgtgtttct atctg.cgcaa. 

<210s, SEQ ID NO 5 
&211s LENGTH: 29 
212. TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 5 

gCactagt at gtaccc.gtgg agttctgaca 

<210s, SEQ ID NO 6 
&211s LENGTH: 31 
212. TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 6 

gCactagt ct acggcacagg aacaaaatta g 

<210s, SEQ ID NO 7 
&211s LENGTH: 29 
212. TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 
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gtcacat citt 

cgctgacitat 

aaaccaagac 

gtcagct coc 

gtggggacala 

cgcatactgt 

caagaagttt 

aaatgggcgt. 

gagggg.cggg 

cac catggitt 

at atctaccg 

to Caaaaa.ca 

agacgttggc 

acgcgatcct 

accacagagg 

ttgcatgaaa 

tgctgatgac 

agtgacctgg 

c cact coagg 

gtacacagac 

cat cacagaa 

tgaac Cttitt 

gcago.gc.cala 

at cott tatto 

tgcagt citcc 

tactaatgac 

t ctitt tatgg 

gcatt caca 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

96.9 

3 O 

29 

31 

28 



























53 

22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 16 

tcc.cagtacc tigagtggac 

<210s, SEQ ID NO 17 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 17 

gtaaggat.ct gtacggcaac 

<210s, SEQ ID NO 18 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 18 

agat.ccacat Ctgttggaag 

<210s, SEQ ID NO 19 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 19 

gaatggcgta ggactgttg 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 2O 

cgitatic cata aact cqgtaa to 

<210s, SEQ ID NO 21 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 21 

tggaggtott gacagagatg 

<210s, SEQ ID NO 22 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 22 

citccattgttg caggtaattic 
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<210s, SEQ ID NO 23 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 23 

gaccact citc aacaagatgc 

<210s, SEQ ID NO 24 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 24 

ctgaaatgcg titc ctittg 

<210s, SEQ ID NO 25 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 25 

aacacgtc.tt titcc.gctato 

<210s, SEQ ID NO 26 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 26 

gatcaaagag tagctitt cq 

<210s, SEQ ID NO 27 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 27 

tcgcagagtg caaaagatag 

<210s, SEQ ID NO 28 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 28 

tctgtgacat cqacaaacac 

<210s, SEQ ID NO 29 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 
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<4 OOs, SEQUENCE: 29 

agtactggga tittggctacg 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 30 

atgcaccaga tagttctitcq 

<210s, SEQ ID NO 31 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 31 

aacatgcagt citcctgtgc 

<210s, SEQ ID NO 32 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 32 

acga aaccca taaaagaagg 

<210s, SEQ ID NO 33 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 33 

ggctgaaagt aatctatoag aaaag 

<210s, SEQ ID NO 34 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 34 

tccatcagga agaatc.ca.g 

<210s, SEQ ID NO 35 
&211s LENGTH: 18 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 35 

Catacgtggc tiggagctg 

<210s, SEQ ID NO 36 
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LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 36 

gaag.cgggaa gagtttgg 

SEO ID NO 37 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 37 

gaccagaggg gatgttctac 

SEQ ID NO 38 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 38 

actctgtc.cc tigaatgaag 

SEO ID NO 39 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 39 

caagattctg cqt citt catc 

SEQ ID NO 4 O 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 4 O 

taat aggcga atctggtgtc. 

SEQ ID NO 41 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 41 

gatattgtag C cctgttgtgc 

SEQ ID NO 42 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 42 
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acatgctgat cacgtaaag.c 

<210s, SEQ ID NO 43 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 43 

aaatagacga citcccacctg 

<210s, SEQ ID NO 44 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 44 

ccgt.ctacca agtagt cacg 

<210s, SEQ ID NO 45 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 45 

tgggctttac titt cagat.co. 

<210s, SEQ ID NO 46 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 46 

tgttcttggc cccttctic 

<210s, SEQ ID NO 47 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 47 

gtcacggcga titt at Cttg 

<210s, SEQ ID NO 48 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 48 

Cagcattgcc ttittgagg 

<210s, SEQ ID NO 49 
&211s LENGTH: 18 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 49 

gaccgcaagt atct cqtg 

<210s, SEQ ID NO 50 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 50 

tggg taaatg cataac catc 

<210s, SEQ ID NO 51 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 51 

gcagcagaag aagctgaac 

<210s, SEQ ID NO 52 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 52 

gggaggaggt t ctgaataaa g 

<210s, SEQ ID NO 53 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 53 

gCatagctgg ttatat cq 

<210s, SEQ ID NO 54 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 54 

agctagoatt cittgcgttc 

<210s, SEQ ID NO 55 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223s OTHER INFORMATION: Primer 

<4 OO > SEQUENCE: 55 

Catt catt cq Cttgtagagg 

US 9.238,826 B2 

- Continued 

18 

19 

21 

19 

64 





























Ile 

Arg 

Met 

Wall 
65 

Arg 

Phe 

Glu 

Pro 

Ser 
145 

Ile 

Arg 

Lell 

Ser 

His 
225 

Arg 

Thir 

Asp 

Glu 

Lell 
3. OS 

Ile 

Ser 

Thir 

Pro 

Cys 
385 

Arg 

Gly 

Glu 

Ala 
SO 

Arg 

Met 

Ile 

Pro 
13 O 

Pro 

Luell 

Arg 

Ile 

Ala 
21 O 

Pro 

Luell 

Wall 

Ile 

Arg 
29 O 

Wall 

Thir 

Glin 

Phe 
37 O 

Luell 

Ile 

Luell 

Arg 

Ala 
35 

Glu 

Ile 

Luell 

Luell 
115 

Ser 

Ile 

Pro 

Luell 

Tyr 
195 

Wall 

Ile 

Luell 

Thir 
27s 

Phe 

Glu 

Gly 

Pro 

Glu 
355 

Thir 

Trp 

Luell 

Luell 

Pro 

Ile 

Ser 

Arg 

Gly 

Pro 

Ala 

Glu 

Asp 

Ile 

Ser 
18O 

Wall 

Glin 

Ser 

Ala 

Trp 
26 O 

Ala 

Luell 

Asp 

Luell 

Glu 
34 O 

Ala 

Thir 

His 

Thir 

Asp 
42O 

Asn 

Glu 

Pro 

Ser 

Asn 
85 

Phe 

Asp 

Pro 

Glin 

His 
1.65 

Tyr 

Ala 

Thir 

Ile 

Asp 
245 

Arg 

Lell 

Ser 

Glu 

Phe 
3.25 

Asp 

Arg 

Met 

Arg 
4 OS 

Asn 

Lell 

Glu 

Pro 
70 

Gly 

Met 

Glu 

Met 
150 

Thir 

Ala 

Pro 

Wall 

Asp 
23 O 

Wall 

Pro 

Asn 

Asn 
310 

Glu 

Ser 

Arg 

Gly 

Thir 
390 

Glu 

91 

Lell 

Lys 
55 

Thir 

Ser 

Ile 

Glu 

Pro 
135 

Ala 

Glu 

Ser 

Phe 
215 

Asp 

Lell 

Phe 

Arg 
295 

Lell 

Arg 

Glu 

His 

Ser 

375 

Glu 

Asp 

Trp 

Glu 

Thir 
4 O 

Ile 

Wall 

Ile 

Luell 

Arg 
12 O 

Luell 

Ile 

Luell 

Arg 

Ser 

Glu 

Tyr 

Ala 

His 

Thir 

Tyr 

Met 

360 

Luell 

Luell 

Wall 

Glu 
25 

Gly 

Luell 

Luell 

Gly 
105 

Gly 

Gly 

Phe 

Arg 

Ser 
185 

Met 

Gly 

Luell 

Met 
265 

Pro 

Arg 

His 

Glu 

Wall 
345 

Asp 

Ala 

Wall 

Ile 
425 

Ile 

Ser 

Glu 

Ser 

Asn 
90 

Wall 

Wall 

Luell 

Wall 

Glin 
17O 

Luell 

Thir 

Luell 

Trp 

Asp 
250 

Glu 

Luell 

Glin 

Ser 
330 

Asp 

Asp 

Ile 

Thir 

Tyr 

Asp 

Arg 

Gly 

ASn 

His 

Glu 

Luell 

Ser 

Glin 
155 

Luell 

Luell 

Thir 

Thir 

Luell 
235 

His 

Tyr 

Lys 

Gly 

Tyr 
315 

Asp 

Ser 

Trp 

ASn 

Wall 
395 

Trp 

Asp 

US 9.238,826 B2 

- Continued 

Glu Glu Lieu. Arg 

Asn 

Arg 
6 O 

Lell 

Glu 

Lell 

Ala 

Pro 
14 O 

Phe 

Asp 

Lell 

Arg 

Ser 

Asp 

Phe 

Phe 

Thir 
3 OO 

Ala 

Gly 

Glu 

Ser 

Asp 

Ala 

Arg 

Arg 

His 
45 

Glu 

Asp 

Asp 

Ser 
125 

Ser 

Wall 

Ala 

Glu 

Met 

Ile 

Ser 

Gly 

Asp 

His 
285 

Ala 

Gly 

Wall 

Ser 

365 

Gly 

Glu 

Ala 

Wall 

Arg 

Luell 

Arg 

Asn 

Asp 
11 O 

Gly 

Wall 

Glu 

Glin 

Pro 
19 O 

Luell 

Pro 

Asp 

Glu 

Gly 
27 O 

Pro 

Phe 

Trp 

Ser 

Phe 
35. O 

Luell 

Ala 

Arg 

Phe 
43 O 

Pro 

His 

Luell 

Luell 
95 

Met 

Ser 

Ser 

Ser 

Thir 
17s 

Gly 

Asp 

Ala 

Ile 

Glu 
255 

Glu 

Asn 

Arg 

Thir 

Thir 
335 

Luell 

Arg 

Luell 

Glu 
415 

Ile 

Arg 

Luell 

Arg 

Thir 

Wall 

Arg 

Ile 

Pro 

Ser 
160 

Ser 

Glu 

Arg 

Asp 

Gly 
24 O 

Tyr 

Tyr 

Ala 

Luell 

Glu 

Asp 

Glu 

Phe 

Asn 

4 OO 

Arg 

92 



Glu 

Gly 

Phe 
465 

Ile 

Phe 

Pro 

Gly 

Glu 
5.45 

Gly 

Asn 

Thir 

Phe 

Asn 
625 

Ser 

Glu 

Ala 

Glu 

Gly 
7 Os 

Ile 

Phe 

Ala 

Arg 
78s 

Arg 

Gly 

Ala 

Glu 

Tyr 
450 

Arg 

Asp 

Asp 

Ala 
53 O 

Phe 

Pro 

Met 

Glin 

Luell 
610 

Arg 

Luell 

Ser 

Thir 

Phe 
69 O. 

Pro 

Luell 

Luell 

Glu 

Glin 
770 

Glin 

Glin 

Arg 

Asp 

Ala 

Trp 
435 

Ser 

Pro 

Asp 

Arg 

Ile 
515 

Pro 

Asp 

Ala 

Trp 

Arg 
595 

Arg 

Wall 

Phe 

Asn 

Ala 
675 

Wall 

Trp 

Ala 

Thir 

Asp 

Met 

Luell 

Wall 

Glu 

Ile 
835 

Arg 

Thir 

Luell 

His 

Ser 

Ala 
SOO 

Phe 

Gly 

Glu 

Ser 
58O 

Asn 

Wall 

Gly 

Luell 
660 

Gly 

Luell 

Asn 

Phe 

Ala 
740 

Glu 

Wall 

Thir 

Thir 

Asp 

Pro 

Asp 

Arg 

Thir 

His 
485 

Ala 

Glu 

Wall 

Pro 

Wall 
565 

Arg 

Lell 

Ala 

Pro 
645 

Glin 

Pro 

Glin 

Gly 

Phe 
72 

Glu 

Lell 

Gly 

Gly 

His 
805 

Thir 

Ser 

Thir 

Glu 

Asp 

Lell 
470 

Arg 

Glin 

Gly 

Gly 

Lell 
550 

Glu 

Ile 

Thir 

Glu 

Lieu 
630 

His 

Arg 

Asn 

Glin 

Arg 

Glu 

His 

Arg 

Lell 

Ser 
79 O 

Glin 

Ser 

Pro 

Ser 

93 

Asp 

Arg 
45.5 

Met 

Wall 

Lys 
535 

Phe 

Thir 

Lell 

Asp 

Tyr 
615 

Asp 

Lell 

Lell 

His 

Phe 
695 

Glin 

Asn 

Phe 

Ala 

Arg 
775 

Thir 

Arg 

Pro 

Glin 

Luell 
44 O 

Thir 

Ile 

Luell 

Gly 

Thir 

Glin 

Ser 

Luell 

Wall 

Glu 

Asn 

Pro 

Wall 

Asp 

Ile 

Gly 

Arg 

Ala 
760 

Glin 

Thir 

Glu 
84 O 

Arg 

Ala 

Phe 

Ile 

Asn 
505 

Arg 

Ala 

Ile 

Luell 

Luell 
585 

Glu 

Ser 

Ala 

Arg 

Arg 
665 

Thir 

Glu 

Arg 

Arg 

Lys 
74. 

Arg 

Asp 

Phe 

Ser 

Pro 
825 

Ser 

Luell 

Luell 

Ala 

Arg 
490 

Arg 

Gly 

Thir 

Thir 

Lys 
st O 

Asp 

Arg 

Gly 

Phe 

Thir 
650 

Asp 

Wall 

His 

Asn 

Lys 
73 O 

Wall 

Thir 

His 

Wall 
810 

Ser 

Arg 

Pro 

Luell 

Arg 

ASn 

Ala 

Asp 

Luell 

Ala 

Cys 
555 

Ala 

Glu 

ASn 

Wall 

Arg 
635 

Asp 

Asp 

Met 

Ala 

Gly 

His 

Wall 

Glu 

Arg 
79. 

Arg 

Arg 

Phe 

Pro 
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Pro 

Lell 
460 

Lell 

Ala 

Glu 

Wall 

Glu 
54 O 

Gly 

Ile 

Ala 

Ala 

Lell 

Ser 

Met 

Asp 

Lys 
7 OO 

Wall 

Arg 

Glu 

Asp 

Gly 

Trp 

Glu 

Arg 

Ser 

Arg 

Lys 
445 

Asp 

Asp 

Wall 

Ala 

Ile 
525 

Ala 

Asp 

Phe 

Asp 

Lell 
605 

Phe 

Arg 

Ala 

Lell 

Ser 
685 

Lell 

His 

Arg 

Thir 

Asp 
765 

Glin 

Ser 

Glin 

Ser 

Gly 
845 

Glu 

Arg 

Wall 

Thir 

Luell 

Wall 

Luell 

Arg 

Wall 
59 O 

Wall 

Luell 

Wall 

Ser 
67 O 

Glu 

His 

Phe 
83 O 

Ser 

Ile 

Wall 

Asp 

Ile 

Ser 
495 

His 

Luell 

Ala 

Gly 

Tyr 
sts 

Phe 

Ser 

Thir 

His 

Ile 
655 

Pro 

Ile 

Glu 

Ala 

Pro 
73 

Ala 

Thir 

Asn 

Glin 
815 

Luell 

Gly 

Asp 

Glu 

His 

Wall 

His 

Luell 

Thir 
560 

Ala 

Luell 

Wall 

Thir 

Lieu 
64 O 

Luell 

Gly 

Arg 

Arg 

Met 

Ala 

Glu 

Luell 

Glu 

Ser 

Gly 

Ala 

Asp 

94 
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Glu Thir Ala Phe Pro Arg Thr Glu Lys Asp Pro Ser Glin Tyr Lys Glu 
2O 25 3O 

His Asp Leu Val Thr Pro Glu Lys Glu Ile Glin Thr Gly Tyr Phe Ser 
35 4 O 45 

Pro Arg Gly Ser His Ser Ser His Gly Ser His Asp Ser Ser Ala Ser 
SO 55 6 O 

Ser Asn. Ile Ser Lieu. Asp Asp Ala Arg Met Ser Asp Val Asn. Asn. Ser 
65 70 7s 8O 

Pro Asn Val Phe His Asp Asp Pro Asp Thir Ile Asp Glu Lys Lieu. Ser 
85 90 95 

Met Tyr Trp Lys Ala Ala Asn. Glu Thr Val Ile Arg Glu Pro Tyr Asp 
1OO 105 11 O 

Tyr Ile Ala Gly Ile Pro Gly Lys Glu Ile Arg Arg Llys Lieu. Lieu. Glu 
115 12 O 125 

Ala Phe Asn His Trp Tyr Llys Val Asp Glu Glin Ser Cys Glin Ala Ile 
13 O 135 14 O 

Ala Thir Thr Val Gly Met Ala His Asn Ala Ser Lieu. Lieu. Ile Asp Asp 
145 150 155 160 

Ile Glin Asp Ser Ser Llys Lieu. Arg Arg Gly Val Pro Cys Ala His Glu 
1.65 17O 17s 

Val Phe Gly Ile Ala Glin Thir Ile Asin Ser Ala Asn Tyr Val Tyr Phe 
18O 185 19 O 

Lieu Ala Glin Asn. Glin Lieu. Phe Arg Lieu. Arg Ser Trp Pro Glin Ala Ile 
195 2OO 2O5 

Ser Val Phe ASn Glu Glu Met Val Asn Lieu. His Arg Gly Glin Gly Met 
21 O 215 22O 

Glu Lieu. Phe Trp Arg Asp Asn Lieu. Lieu Pro Pro Ser Met Asp Asp Tyr 
225 23 O 235 24 O 

Lieu. Glin Met Ile Ala Asn Llys Thr Gly Gly Lieu. Phe Arg Met Ile Val 
245 250 255 

Arg Lieu. Lieu. Glin Thir Ser Ser Arg Glin Val Ile Asp Val Glu Gln Lieu 
26 O 265 27 O 

Val Asp Val Lieu. Gly Lieu. Tyr Phe Glin Ile Lieu. Asp Asp Tyr Lys Asn 
27s 28O 285 

Ile Arg Glu Glu Lys Met Ala Ala Glin Lys Gly Phe Phe Glu Asp Lieu. 
29 O 295 3 OO 

Thr Glu Gly Llys Phe Ser Phe Pro Ile Cys His Ala Ile Gly Glu Gly 
3. OS 310 315 32O 

Ala Lys Asn Arg Thr Ala Lieu. Lieu. His Met Lieu. Arg Lieu Lys Thr Asp 
3.25 330 335 

Asp Met Lys Ile Lys Glin Glu Ala Val Cys Ile Lieu. Asp Asn Ala Gly 
34 O 345 35. O 

Ser Lieu. Asp Tyr Thr Arg Glu Val Lieu. Tyr Gly Lieu. Asp Arg Lys Ala 
355 360 365 

Arg Ser Leu Lieu. Arg Glu Phe Llys Thr Pro Asn Pro Phe Met Glu Ala 
37 O 375 38O 

Lieu. Lieu. Asp Ala Met Lieu. Ser Ser Lieu. Glin Ala Cys His 
385 390 395 

<210s, SEQ ID NO 62 
&211s LENGTH: 1310 
&212s. TYPE: DNA 

<213> ORGANISM: Aspergillus nidulans 

<4 OOs, SEQUENCE: 62 





Glu 
145 

Ile 

Asn 

Ala 

Glu 

Wall 
225 

Wall 

Ile 

Lell 

Gly 

Ile 
3. OS 

Asn 

Wall 

Lell 

Asp 

Ala 
385 

Ala 

Ala 

Ile 

Ile 

Ser 

Glin 
21 O 

Wall 

Asn 

Pro 

Wall 

Ala 
29 O 

Thir 

Phe 

Gly 

Pro 
37 O 

Ala 

Gly 

Gly 

Glu 

Thir 
195 

Ala 

Ser 

Trp 

Glu 

Glu 

Luell 

Luell 

Luell 

Met 

Pro 
355 

Glu 

Gly 

Ser 

Ala Ala 

Asp Ala 
1.65 

Ala Thr 
18O 

Gly Asp 

Lieu. Glu 

Luell Ser 

Ile Glu 
245 

His Ala 
26 O 

Luell Asn 

Gly Gly 

Ala Thr 

Thir Wall 
3.25 

Pro Ser 
34 O 

Gln Lys 

Gln Pro 

Wall Lieu. 

Lieu Wall 
4 OS 

<210s, SEQ ID NO 64 
&211s LENGTH: 3056 
&212s. TYPE: DNA 

<213> ORGANISM: Aspergillus 

<4 OOs, SEQUENCE: 64 

t catgtagag titactic catt 

a catcc.gact 

aaac atctgc 

caag acct co 

cittctg.ccga 

gttgagattic 

catcacggcg 

gCacgcggcg 

gtaggggcag 

ggcggtCtcg 

cgcaatat ct 

acct totcCa 

aagcc.ccgct 

accocatctg 

ttct cqtcgc 

agatggcggc 

ttgttgggacg 

gaggtgttggt 

aagtcgt.cgc 

Lys 
150 

Phe 

Ala 

Ala 

Ala 

Gly 
23 O 

Gly 

Wall 

Wall 

Phe 

Gly 
310 

Met 

Ile 

Ala 

Gly 

Ala 
390 

101 

Glin 

Asn 

Wall 

Met 

Met 
215 

Asn 

Arg 

Arg 

Ser 

Asn 
295 

Glin 

Glu 

Met 

Arg 
375 

Gly 

Ser 

Trp 

Ala 

Gly 

Gly 

Glin 

Phe 

Gly 

Glu 

Lys 

Ala 

Asp 

Asn 

Wall 

Luell 
360 

Asn 

Glu 

His 

Lieu. Gly 

Ser Ser 
17O 

Ser Asp 
185 

Met Asn 

Llys His 

Cys Ala 

Lys Thr 
250 

Thir Lieu. 
265 

Asn Luell 

His Ala 

Pro Ala 

Wall Asn 
330 

Gly Thr 
345 

His Met 

Ala Glin 

Luell Ser 

Lieu. Thir 
41O 

nidulans 

gtgcaggtaa 

Ctaaag.cgta 

gcatcct cat 

t catgttgga 

attittggc cc 

ggit Cacgggc 

acattgctitc 

cctgct cqaa 

cggacgaggt 

gggtggactic 

Ser 
155 

Arg 

Luell 

Met 

Gly 

Asp 
235 

Wall 

Lys 

Wall 

Ala 

Glin 
315 

Gly 

Wall 

Met 

Glu 

Luell 
395 

His 

ttcaa.gcata 

aatctg.ccc.g 

cittggcc cta 

cc.gct caaac 

ggCCtgggca 

aag.cgat.ccg 

agccacatac 

CCC cagcagg 

ggalagacacc 

Cagttgggcg 
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Asp 

Phe 

Tyr 

Ile 

Phe 
22O 

Thir 

Thir 

Gly 

Asn 
3 OO 

Asn 

Asp 

Gly 

Gly 

Lell 

Asn 

Ala 

Ala 

Ile 

Ser 

Glu 

Ala 

Ser 

Ser 
285 

Wall 

Wall 

Lell 

Gly 

Wall 
365 

Ala 

Ser 

Arg 

Gly 

Arg 

Arg 
19 O 

Ser 

Pro 

Glin 

Wall 
27 O 

Ala 

Wall 

Glin 

Glin 

Gly 
35. O 

Glin 

Luell 

Ala 

aaacaat Cat 

tacacat cag 

t ccticgc.cg 

t cagcgaga.g 

aacticgggaa 

taatcgttgt 

ttctott cqc 

Cactggtaga 

Cagcggtaga 

Phe Lieu. 
160 

Lieu. Glin 
17s 

Phe Thr 

Gly Val 

Met Asp 

Ala Ala 
24 O 

Ala Thr 
255 

Glu Ala 

Wall Ala 

Thir Ala 

Ser Ser 
32O 

Ile Ser 
335 

Thir Wall 

Gly Ala 

Lieu Wall 

Luell Ser 
4 OO 

Lys Gly 
415 

gtgcgagat C 

t cacgt.cgca 

c catctotgt 

agalacagctg 

agttgacgca 

acatgcggca 

aggtotgaaa 

aggcaaacga 

agctggagcg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

102 
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Caggcc.gtgt C9tagactgc cgcggacata aagcc.ca.gct CtcCatcttt tdt CC9gagc 3 OOO 

tgttggacca gctgggaggc titgcgtgcat agatctgtca citctg.cgca agt cat 3 OS 6 

<210s, SEQ ID NO 65 
&211s LENGTH: 979 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus nidulans 

<4 OOs, SEQUENCE: 65 

Met Thr Cys Ala Asp Val Thr Asp Lieu. Cys Thr Glin Ala Ser Glin Lieu. 
1. 5 1O 15 

Val Glin Glin Lieu. Arg Thr Lys Asp Gly Glu Lieu. Gly Phe Met Ser Ala 
2O 25 3O 

Ala Val Tyr Asp Thr Ala Trp Val Ser Met Val Glin Lys Thr Thr Pro 
35 4 O 45 

Glu Gly Arg Glin Trp Lieu Lleu Pro Llys Cys Phe Glu Tyr Ile Lieu. Arg 
SO 55 6 O 

Thr Glin Lieu. Glu Asp Gly Ser Trp Glu Thir Tyr Ala Ser Asp Val Asp 
65 70 7s 8O 

Gly Ile Lieu. Asn. Thir Ala Ala Ser Lieu. Lieu Ala Lieu. Glu Thir His Ala 
85 90 95 

Glu Ser Arg Ile Ala Ser Thr Asp Pro Pro Val Glu Glu Met Lys Glu 
1OO 105 11 O 

Arg Ile Gly Arg Ala Arg Ala Ala Lieu. Ser Arg Glin Lieu. Glin Ala Trip 
115 12 O 125 

Ser Val Lys Asp Thr Val His Val Gly Phe Glu Ile Ile Lieu Pro Ala 
13 O 135 14 O 

Lieu. Lieu. Arg Lieu. Lieu. Arg Glu Lys Gly His Glu Phe Glu Phe Asp Gly 
145 150 155 160 

Arg Ala Glu Lieu. Asp Arg Lieu. Asn Arg Ile Llys Lieu. Ser Llys Phe Arg 
1.65 17O 17s 

Pro Glu Tyr Lieu. Tyr Ser Ala Arg Thr Thr Ala Lieu. His Ser Lieu. Glu 
18O 185 19 O 

Ala Phe Val Gly Met Ile Asp Phe Asp Llys Val Ala His Glin Llys Val 
195 2OO 2O5 

Asn Gly Ser Phe Met Phe Ser Pro Ser Ser Thr Ala Ala Phe Leu Met 
21 O 215 22O 

Phe Ser Ser Ser Trp Asp Asp Glu. Cys Glu Glin Tyr Lieu. Arg Lieu Val 
225 23 O 235 24 O 

Lieu. Glin Asn Gly Ala Gly Gly Gly Thr Gly Gly Met Pro Ser Ala Tyr 
245 250 255 

Pro Ser Lys Tyr Phe Glu Val Ser Trp Val Arg Gly Glin Lieu Ala Arg 
26 O 265 27 O 

Lieu. Glu Ser Lys Lieu. Thr Glu Lieu. Glin Ala Lieu. Thir Thr Lieu. Lieu. Asp 
27s 28O 285 

Asn Gly Tyr Ser Thr Gly Asp Lieu. Gly Ile Glu Asp Thr Asp Ser Lieu 
29 O 295 3 OO 

Gly Glu Met Lieu. Arg Asp Ala Lieu Val Lys Gly Gly Gly Ile Val Gly 
3. OS 310 315 32O 

Phe Ala Pro Ser Ile Glin Ala Asp Ala Asp Asp Thr Ala Lys Ser Lieu. 
3.25 330 335 

Ile Ala Val Ser Lieu. Lieu. Asp Llys Pro Val Ser Ala Glin Gly Lieu. Ile 
34 O 345 35. O 

Asp Ala Phe Glu Gly Pro Met His Phe Arg Thr Tyr His Gly Glu Arg 



Asp 

Thir 
385 

Phe 

Trp 

Gly 

Ser 

Wall 
465 

Ser 

Glin 

Ser 

Ser 
545 

Ala 

Phe 

Trp 

Lell 

Asp 
625 

Arg 

Ile 

Gly 

Glu 

Glin 
7 Os 

Lell 

Wall 

Ser 

Lell 

Pro 
37 O 

Pro 

Luell 

Asn 

Glin 
450 

Arg 

His 

Luell 

Arg 

Luell 
53 O 

Ala 

Arg 
610 

Arg 

Ser 

Arg 

Ile 
69 O. 

Ala 

Pro 

Ser 

Wall 

Glin 
770 

355 

Ser 

Asp 

Luell 

Luell 
435 

Phe 

Thir 

Glu 

Pro 

Gly 
515 

Trp 

Wall 

Luell 

Arg 

Wall 
595 

Asp 

Asn 

Phe 

Luell 
675 

Phe 

Glin 

Glin 

Arg 

Lys 

Wall 

Phe 

Ala 

Asp 

Ser 

Luell 

Ile 

Luell 

Glu 

Wall 
SOO 

Arg 

Wall 

Luell 

Ala 

Phe 

Arg 

Arg 

Phe 

Thir 

Luell 
660 

Asn 

Arg 

Ser 

Ala 

Wall 
740 

Ala 

Phe 

Thir 

Ala 

Wall 
4 OS 

Pro 

Glin 

Arg 

Glin 

Thir 
485 

Wall 

Glu 

Ala 

Asn 
565 

His 

Ala 

Arg 

Glu 

Phe 
645 

Asn 

Ser 

Asp 

Gly 

Lys 
72 

Lell 

Ala 

Lell 

Ala 

Thir 
390 

Trp 

Wall 

Asp 

Thir 
470 

Ala 

Asn 

Phe 

Ala 
550 

Lell 

Ser 

Ala 

Lell 

Tyr 
630 

Lell 

Ser 

Lell 

Pro 

Arg 

Ser 

Ala 

Lell 

107 

Asn 
375 

Wall 

Trp 

Trp 

Arg 
45.5 

Glin 

Glin 

Lell 

Wall 
535 

Lell 

Phe 

Met 

Ile 

Ala 
615 

Ile 

Ser 

Glin 

Glin 

Lys 
695 

Arg 

Ile 

Ala 

Pro 

Ser 
775 

360 

Ser 

Ser 

Thir 

Pro 

Ser 
44 O 

Wall 

Asn 

Ala 

Luell 

Glin 

Thir 

Ile 

Luell 

Wall 

Wall 

Pro 

Thir 

Ala 

Arg 

Asp 

Asn 

Phe 

Luell 
760 

His 

Asn 

Pro 

Ala 

Ser 
425 

Asp 

Ser 

Glu 

Ile 

Trp 
505 

Asn 

Wall 

Wall 

Pro 
585 

Glu 

Phe 

Phe 

Asp 
665 

Ser 

Ala 

Met 

Wall 
74. 

Glu 

Ile 

Wall 

Glin 

Asp 

Met 

Gly 

Wall 

Asn 

Luell 
490 

Thir 

Ser 

Ser 

Ser 

Ser 
st O 

Luell 

Gly 

Ser 

Thir 

Thir 
650 

Glu 

Met 

Pro 

Asp 

Gly 
73 O 

His 

Tyr 

Glu 

Luell 

Ile 
395 

Ser 

Luell 

Gly 

Gly 

Thir 

ASn 

Ala 

Ser 

Phe 
555 

Phe 

Tyr 

Arg 

Trp 
635 

Luell 

Phe 

Thir 

Glu 

Ala 

Ser 

His 

Glu 

Glin 
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Lell 

Glu 

Glu 

Met 

Lell 

Lell 
460 

Ser 

Ile 

Wall 

Gly 

Ile 
54 O 

Glu 

Ser 

Lell 

Thir 

Thir 

Wall 

Met 

Arg 

Lell 
7 OO 

Asn 

Glin 

Wall 

Arg 

Ala 
78O 

365 

Ala 

Lys 

Ile 

Ala 

Lys 
445 

Tyr 

Trp 

Ala 

Glin 

Asp 
525 

Lell 

Arg 

Arg 

Ser 

Lell 
605 

Gly 

Lell 

Glu 

Glu 

Ser 
685 

Asn 

Gly 

Lell 

Met 

Wall 
765 

Asp 

Luell 

Ala 

Gly 

Glu 
43 O 

Ser 

Glin 

Gly 

His 

Luell 

Luell 

Ser 

Wall 

Met 
59 O 

Luell 

Met 

Met 

Ala 
67 O 

Asp 

His 

Pro 

Asp 
7 O 

Asp 

Luell 

Ala 

Asp 
415 

Ala 

Ile 

Ala 

Ser 

Ala 
495 

Ala 

Ala 

Ser 

Ile 
sts 

Glu 

Pro 

Glu 

Asn 

Met 
655 

Wall 

Ile 

Ala 

Arg 

Ser 
73 

His 

Asn 

Asn 

Asn 

Ala 
4 OO 

Lys 

Phe 

Ser 

Luell 

His 

Cys 

Wall 

Glu 

Pro 
560 

Glu 

Luell 

Glin 

Glu 

Asn 
64 O 

Wall 

Wall 

Asp 

Ile 

Ile 

Asp 

Pro 

Glu 

Gly 

108 
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aatgcaccgc ccacggagcc gttcagggcg cct tag 996 

<210s, SEQ ID NO 67 
&211s LENGTH: 266 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus nidulans 

<4 OO > SEQUENCE: 67 

Met Asn Thr Lieu. Asn Ala Pro Arg Asn Pro Thr Arg His Pro Ala Met 
1. 5 1O 15 

Thir Ala Asp Thir Lieu Val Asp Ala Pro Ala Lieu Pro His Glin Asn Gly 
2O 25 3O 

Ser Thr Glu Glu Lys Lieu Lys Glu Arg Gly Ser Phe Gly Lys Lieu. Tyr 
35 4 O 45 

Thir Tyr Lys Arg Ser Pro Arg Ala Lieu. Gly Ile Glin Ala Val Ala Lys 
SO 55 6 O 

Ser Ile Gly Lieu. Glu Lieu. Glu Glin Val Glu Lieu. Glin Pro Ala Asn Gly 
65 70 7s 8O 

Val Pro Asp Phe Tyr Trp Asn Lieu. Asn Pro Leu Gly Lys Thr Pro Thr 
85 90 95 

Phe Val Gly Ala Asp Gly Lieu Val Lieu. Thr Glu. Cys Met Ala Ile Ala 
1OO 105 11 O 

Lieu. His Val Thr Asn Glu Asp Ser Thr Thr Thr Lieu. Leu Gly Ser Ser 
115 12 O 125 

Ser Lieu. Asp Phe Val Glin Ile Ile Arg Trp Ile Ser Phe Thr Asn Thr 
13 O 135 14 O 

Asp Val Val Thr Arg Met Ala Ser Trp Val Arg Pro Leu. Ile Gly Tyr 
145 150 155 160 

Thr Pro Tyr Ser Lys Glu Glu Val Lieu Lys Ala Glin Glin Glin Thir Thr 
1.65 17O 17s 

Glin Ala Ile Gly Val Phe Glu Asp Ser Lieu. Arg Asp Arg Llys Tyr Lieu. 
18O 185 19 O 

Val Gly Asp Arg Lieu. Thir Lieu Ala Asp Ile Met Cys Val Ser Lieu Val 
195 2OO 2O5 

Ser Phe Gly Phe Ala Glin Ile Phe Asp Llys Glu Trp Arg Glu Ala Phe 
21 O 215 22O 

Pro Tyr Phe Ser Gly Trp Tyr Met Met Val Met His Leu Pro Ile Met 
225 23 O 235 24 O 

Lys Ala Val Val Glu Glu Val Pro Phe Val Glu Glu Gly Lieu Pro Asn 
245 250 255 

Ala Pro Pro Thr Glu Pro Phe Arg Ala Pro 
26 O 265 

<210s, SEQ ID NO 68 
&211s LENGTH: 1056 
&212s. TYPE: DNA 

<213> ORGANISM: Aspergillus nidulans 

<4 OOs, SEQUENCE: 68 

citat cqatga act gcc togg t c catalaggct ct cagtatga t cocaaacca actgaggitat 6 O 

cittctgct co cqatactg.cg ccagaatctt ggtgctic ggc cta acat coc cct tccaatt 12 O 

caac aggtag gcgc.cact co coggttcc cc agtaatgcct ttagc gacct cqc.ca.gc.ctic 18O 

Cagcggaaca C cctggggca caatgcc.ctg. Ctttgctggg tagtgtgc.cg agcticagatg 24 O 

gaaaagatgt cqct cqccac tot cqc.cgag atccacggaa alacggct tca taacggc.ca 3OO 







Asp 

Glin 
65 

Glin 

Ile 

Arg 

Wall 

Ala 
145 

Arg 

Wall 

Glu 

Ser 

Pro 
225 

Gly 

Arg 

Glu 

Gly 

Luell 
SO 

Ile 

Thir 

Thir 

Glu 
13 O 

Luell 

Asn 

Glin 

Asp 

Asn 
21 O 

Thir 

Asp 

Asn 

Pro 

His 
29 O 

Arg 

Ala 

Gly 

Gly 
115 

Gly 

Ser 

Gly 

Arg 

Luell 
195 

Phe 

Asp 

Gln 

Gly 

Met 

Asp 

117 

Pro Tyr Lys Glu Glu 
55 

Thir Ile His Ser Thr 

Glu Val Tyr Tyr Arg 
85 

Ala Lys Arg Val Lieu. 

Asin Glu Phe Gly Glu 
12 O 

Pro Ala Tyr Arg Val 
135 

Ile Wall Glin Phe Met 
150 

Ser Phe Glin Wall Ile 
1.65 

Asp Pro Leu Met Val 
18O 

Lieu. Lieu. Ile Ser Arg 

Val Ile Llys Tyr Asp 
215 

Gly Lieu. Ser Gly Asp 
23 O 

Glu Pro Thr Glu Ala 
245 

Lys Ala Ile Ile Gly 
26 O 

Ile Asn Ala Tyr Glu 

Glu Ser Glin Ile 

<210s, SEQ ID NO 72 
&211s LENGTH: 17O6 
&212s. TYPE: DNA 

<213> ORGANISM: Aspergillus nidu 

<4 OOs, SEQUENCE: 72 

atggacaact atacctggca 

gatcgctcgc 

accctggit cq 

gagg.cgaaat 

ggatacgc.ca 

gtacaagaac 

caagtatgtc 

tat caagaat 

tacgc.gcatg 

gtcggagctic 

cgtcaatgtg 

agctictat ct 

Catatt CCaa 

ggttgg tagg 

agg tacgcaa. 

gcc atgttca 

gaggaactgc 

CtcCtgggaa 

Ctgcagacca 

ctic titcgc.ca 

titccacat cq 

gcctic.cgca 

295 

Ctctgggacc 

ggagatcCtc 

atcct tcaag 

actacgtttic 

tgctaccgtt 

aggtogc.ccg 

gatcc ctdcc 

agtact.cgac 

agctgacc cc 

tggaccagga 

ttctt.cgcat 

atgaggaatg 

Tyr Ser Lieu. 

Lieu. Thir Asp 
7s 

Glu Ile Glu 
90 

Ala Phe His 
105 

Glin Ile Llys 

His Ile Asp 

Phe Pro Asp 
155 

Asn Val Trp 
17O 

Ala Asp Ala 
185 

Gly Arg Met 

Gly Llys His 
235 

Lieu Wall Phe 
250 

Thir Ala His 
265 

Arg Lys Asn 

lans 

cit cat coctet 

ggcgttctta 

gcc cctitt.cg 

tcc cagggcg 

CCCCC aggac 

caacgactica 

tgacgagaag 

cacgctgatc 

taatctoggc 

gat.ccc.cgcg 

cgtgg.cgc.gc 

gct coag acc 

US 9.238,826 B2 

- Continued 

Asp Arg Asin Gly Phe 
6 O 

Ala 

Lys 

His 

Asp 

Glin 
14 O 

Lell 

Arg 

Ala 

Asn 

Ala 

Ser 

Ser 

Asp 

Ala 

Thir 

Lell 

Ala 

Arg 
125 

Thir 

Ala 

Pro 

Glu 

Gly 

Ala 

Trp 

Ser 

Lell 

Ser 
285 

Asp 

Wall 

Wall 
11 O 

Pro 

Asp 

Luell 

Met 
19 O 

Luell 

Gly 

Trp 

Ser 

Tyr 
27 O 

Ser 

ccgattic acc 

gcgtggit ct a 

tgggct tcc.g 

Ctctggcgca 

tctgtctaat 

gacat Cotgg 

atcagcgc.ca 

CtcCtggaga 

tcc tt catcg 

alacct agacg 

atc to cqcac 

totatt cact 

Glu Thir 
8O 

Glin Asp 
95 

Arg Thr 

Gln Gly 

Gln Gly 

Asp Wall 
160 

Thr Arg 
17s 

Pro Pro 

His Ser 

Glu Gly 

24 O 

Gly Phe 
255 

Ser Ala 

Leu Tyr 

atcatCcatt 

cctgctic caa 

attctggitat 

ggt caatgaa 

gcgcttgaca 

ttatcCC Cala 

tcc.gc.gc.gca 

gcgacctgca 

agg to atcga 

actggcagag 

gcqtgttctt 

acaccgagaa 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

660 

72 O 

118 





Arg 

Wall 
225 

Pro 

Lell 

Ala 

Lell 

Lys 
3. OS 

Thir 

Glu 

Asp 

Ser 

Phe 
385 

Lell 

Asp 

Met 

Pro 
465 

Lell 

Arg 

Lell 

Pro 

Ile 

Arg 
21 O 

Phe 

Ile 

Arg 

Glu 

Glin 
29 O 

Luell 

Thir 

Gly 

Phe 
37 O 

Asn 

Pro 

Asn 

Thir 
450 

Gly 

Luell 

Asn 

Luell 

Glin 
53 O 

Wall 
195 

Asn 

Ala 

Wall 

Thir 

Glu 

Trp 

Ala 

Met 

Phe 

Gly 
355 

Luell 

Arg 

Gly 

Lys 
435 

Asp 

Arg 

Thir 

Luell 

Met 
515 

Luell 

Ala 

Glu 

Thir 

Gly 

Ala 
26 O 

Ala 

Met 

His 

Ala 

Glu 
34 O 

Trp 

Ile 

Gly 

Wall 

Arg 

Asn 

Phe 

Asp 

Thir 
SOO 

Arg 

Wall 

Arg 

Glu 

Wall 

His 
245 

Lys 

Lys 

Met 

Arg 

Ala 
3.25 

Pro 

Lys 

Glu 

Wall 

Thir 
4 OS 

Glu 

Lell 

Asn 

Phe 

Tyr 
485 

Ala 

Arg 

Ser 

<210s, SEQ ID NO 74 
&211s LENGTH: 
212. TYPE : 

<213> ORGANISM: Aspergillus nidulans 
PRT 

<4 OOs, SEQUENCE: 

746 

74 

Ile 

Trp 

Met 
23 O 

Lell 

Arg 

Arg 

Asp 

Glin 
310 

Ala 

Lell 

Ser 

Ser 
390 

His 

Pro 

Asn 

Asn 

Ala 
470 

Glu 

Asp 

Arg 

Ala 

121 

Ser 

Lell 
215 

Lell 

Lell 

Ile 

Asn 

Gly 
295 

Lell 

His 

Arg 

Thir 

Glin 
375 

Glu 

Phe 

Gly 

Pro 

Lell 
45.5 

Ser 

Phe 

Glu 

Wall 

Ala 

Glin 

Luell 

Pro 

Ile 

Pro 
28O 

Ala 

Luell 

Glu 

Thir 
360 

Arg 

Asp 

Ser 

Ala 

Glu 
44 O 

His 

Asn 

Asn 

Wall 
52O 

Arg 

Thir 

Arg 

Ser 

Ser 
265 

Asp 

Asn 

Luell 

Phe 

Glu 
345 

Luell 

Ile 

Lieu 

Met 

Asp 
425 

Glu 

Phe 

Glu 

Luell 
505 

Ala 

Wall 

Ser 

Arg 

Tyr 
250 

Pro 

Glu 

Ser 

Tyr 
330 

Ile 

Asn 

Asn 

Thr 

Pro 

Glin 

Ala 

Gly 

Ile 

Pro 
490 

Pro 

Phe 

Ile 

Phe 
235 

Trp 

Met 

Wall 

ASn 

Luell 
315 

Asp 

ASn 

Pro 

Lieu. 
395 

Ser 

Phe 

ASn 

His 

Lys 

Arg 

Pro 

Pro 
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Lell 

His 
22O 

Pro 

Ala 

Wall 

Asp 
3 OO 

Ala 

Lell 

Asp 

Met 

Pro 

Ser 

Ala 

Asp 

Gly 
460 

Ile 

Gly 

Asp 

Glin 

Gly 
2O5 

Ile 

Arg 

Pro 
285 

Gly 

Ser 

Wall 

Arg 
365 

Ser 

Asp 

Ala 

Gly 

His 
445 

Ile 

Ala 

Pro 

Ala 
525 

Wall 

Thir 

Trp 

His 

Glin 
27 O 

Asn 

Glin 

Ile 

Glin 

Ile 
35. O 

Luell 

Gly 

Ile 

Phe 
43 O 

Glin 

Met 

Thir 

Ser 

Ser 

Pro 

Glu 

Met 

Arg 
255 

Arg 

Asp 

Pro 

His 

His 
335 

Ala 

Luell 

Luell 

Thr 

Luell 
415 

Arg 

Phe 

Ser 

Ala 

Arg 
495 

Ala 

Ile 

Ala 

Asn 

His 
24 O 

Asn 

Arg 

Luell 

Asp 

Thir 

Pro 

Glin 

Asp 

Ala 

Lieu 
4 OO 

Glin 

Ala 

His 
48O 

Pro 

Arg 

Thir 

Met Tyr Pro Trp Ser Ser Thr Gly Thr Ser Pro Phe Ser His Pro Asp 
1. 5 15 

Asn Glu Gly Ala Glu Ser Gly Asp Met Ser Met Gly Glu Glu Glin Glin 
25 

122 



Glin 

Ser 

Pro 
65 

Ser 

Met 

Ser 

Ser 

Phe 
145 

Ser 

Arg 

Thir 

Arg 

Ser 
225 

Wall 

Gly 

Glu 

Thir 

Ala 
3. OS 

Gly 

Trp 

Ala 

Wall 

Glin 
385 

Ser 

Glin 

Thir 

Pro 

Cys 
SO 

Glin 

Glu 

Ala 

Glin 
13 O 

Ala 

Ser 

Thir 

Phe 

Arg 
21 O 

Gly 

Glin 

Luell 

Pro 

Ala 
29 O 

Lel 

Lel 

37 O 

His 

Ala 

Wall 

Wall 

His 
35 

Arg 

Luell 

Pro 

Ser 

Gly 
115 

Luell 

Ile 

Ile 

Thir 

Pro 
195 

Asn 

Phe 

Ala 

Luell 

Wall 

Ala 

Ser 

Gly 

Gly 

Asn 
355 

Glu 

Ile 

Glu 

Thir 

Gly 
435 

Glin 

Ala 

Arg 

Gly 

Arg 

Asp 

Ser 

Pro 

Arg 

Glu 
18O 

Wall 

Asn 

Glin 
26 O 

Glu 

Asn 

Trp 

Ser 

Cys 
34 O 

Ile 

Asn 

Arg 

Glu 

His 

Asp 

Arg 

Ser 

Cys 

Lys 
85 

Ile 

Gly 

His 

Phe 

Ser 
1.65 

Thir 

Wall 

Pro 

Ala 

Wall 
245 

Ala 

Pro 

Met 

Gly 

Ala 
3.25 

His 

Met 

Ser 

Lell 

Ala 
4 OS 

Arg 

Gly 

Arg 

Glin 
70 

Arg 

Glu 

Glu 

His 

Asn 
150 

Trp 

Ile 

Wall 

Ile 

Lell 
23 O 

His 

Lell 

Gly 

Ala 

Gly 
310 

Phe 

Arg 

Pro 

Glin 
390 

Ser 

Ala 

Trp 

123 

Glin 

Wall 
55 

Glin 

Thir 

Thir 

Ile 
135 

Gly 

Lell 

Phe 

Phe 

Lell 
215 

Glu 

Ile 

Glu 

Lell 
295 

Pro 

Glin 

Ile 

Trp 

Ala 
375 

His 

Ala 

Phe 

Asp 

Lys 
4 O 

Arg 

Ser 

Arg 

Ile 

Ala 
12 O 

Glin 

Gly 

Asn 

Ser 

Ala 

Phe 

Thir 

Met 

Wall 

Glin 

Ile 

Met 

Ala 

Thir 
360 

Ala 

Ile 

Pro 

Ala 
44 O 

Phe 

Gly 

Glin 

Luell 
105 

His 

Pro 

Asn 

Asp 

His 
185 

Thir 

Luell 

Glin 

Luell 

Ser 
265 

Met 

Met 

Phe 

Asp 

Ser 
345 

Arg 

Luell 

Thir 

Ala 

Arg 
425 

His 

Asn 

Asp 

Pro 
90 

Ser 

Ser 

Phe 

Ser 

Asn 
17O 

Gly 

Ala 

Arg 

Arg 
250 

Ala 

Asp 

Arg 

Pro 

Ser 
330 

Asn 

Luell 

Luell 

Glu 

Lys 

Glin 

Cys 

ASn 

Glin 

Pro 

Ile 

Ser 

Thir 

Glin 

Gly 
155 

Ile 

Luell 

Thir 

Ile 

Lys 
235 

Thir 

Thir 

Ile 

Luell 

Arg 
315 

Luell 

Thir 

Met 

Ser 

Glu 
395 

Ser 

Luell 

Thir 
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Lell 

Pro 
6 O 

Asn 

Ala 

Ala 

His 
14 O 

Thir 

Thir 

Thir 

Thir 

Lell 

Lell 

Glu 

Trp 

Gly 
3 OO 

Arg 

Glu 

Ser 

Asp 

Asp 

Phe 

Arg 

Ser 

Ala 

Arg 
45 

Asn 

Wall 

Ser 

Glu 

Lell 
125 

Lell 

Glu 

Asp 

Asn 

Ala 

Asp 

Arg 

Glin 

Glin 
285 

Glu 

Glu 

Ala 

Met 

Glu 
365 

Arg 

Ala 

Ala 

Glu 

Thir 
445 

Ala 

Pro 

Asp 

Ile 

Luell 
11 O 

Arg 

Pro 

Asp 

Luell 

Met 
19 O 

Ala 

Wall 

Arg 
27 O 

Ile 

Ser 

Met 

Arg 

Ser 
35. O 

Luell 

Met 

Ile 

Trp 
43 O 

Ser 

Cys 

Gly 

Ala 

Luell 
95 

Glin 

Ser 

Met 

Luell 

Asp 
17s 

Wall 

Asp 

Ala 

Luell 

Thir 
255 

Thir 

Ser 

Luell 

Arg 
335 

Luell 

Luell 

Luell 

His 

Glin 
415 

Arg 

Asp 

Glin 

Met 

Ala 

Glu 

Asp 

Pro 

Gly 

Asn 
160 

Ala 

Pro 

Wall 

Ser 

Ile 
24 O 

Luell 

Ile 

His 

Asn 

Lys 

Wall 

Arg 

Glu 

Luell 

4 OO 

Ile 

Arg 

Asp 
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Wall Glu Ala Glin 
45.5 

Thir Pro Pro 
460 

Pro Asn Luell Pro 
450 

Asp Arg 

Ala 
465 

Ile Glu Ala 
470 

Ile Thr Glu Phe Met Pro His Asp Thr 

Ile Phe Wall Phe 
485 

Thir Met 
490 

Arg Ser Lieu. Asp Ser Thir Ile 

Ala Met Ile Ile Ile 
505 

Pro Tyr Lieu. Thir Phe Ile 
SOO 

Arg 

Lieu. Tyr Phe Ala Ala Ala Lieu Pro Ala Glin 
515 

Lys 
52O 

Asp 
525 

Glin Wall 
53 O 

Glin Wall 
535 

Phe Asn 
54 O 

Asp Gly Lieu. Ser Arg Arg Arg 

Met 
5.45 

Thir Ala Ala 
555 

Gly Trp Gly Pro Leu Pro Thir 
550 

Trp 

Wall Phe Thr Met 
565 

Phe Glu 
st O 

Arg Ser Trp Ser Gly Gly 

Glin Glin Glin Ala Ala Ala 
585 

Luell Lieu. Thir Arg Trp Gly 

Glin Ala Ala Met Asn 
605 

Pro Ser His 
595 

Pro Gly Arg Asp 
6OO 

Wall Wall 
610 

Ile Wall Ala Ser Ser Ser Ser 
615 

Ser Asp Asp Gly 

Ala 
625 

Wall Ser Leu Ala Ser Thr Wall 
630 

Ser Trp Pro Asp 
635 

Asp 

Phe Glu Thr Gl 
650 

Pro Pro Le Phe Ser Ile 
645 

Ser His Gly 

Phe Met Ala Thr 
665 

Ser Ser Ser Ser 
660 

Pro Arg 

Ala Ala 
675 

Glu Phe Glu Glu Wall Lell 
685 

Gly Met His Asp Pro 

ASn Ile Gln Met 
695 

Luell Leul Pro 
69 O. 

Arg Gly Asp Asp Asp 
7 OO 

Asp 

Glin Thir Asp Ser As yet Phe Lell 
7 Os 

Trp Tyr Gly Asp Tyr 

Ala Phe Pro Asn. Pro Pro Ser Phe Pro 
72 

Pro Luell Gly 
73 O 

Asp 

Met Ala Asn. Thir 
74. 

Lys Asp Asn. Cys 
740 

Asp Arg 

Pro 

Ile 

Arg 

Ile 

Ala 

Wall 

Luell 

Asp 

Trp 
59 O 

Met 

Arg 

Thir 

Ala 

Pro 
67 O 

Glu 

Wall 

Asn 

Asp 

Ile Wall 

Asn 
48O 

Asp 

Ala 
495 

Luell 

Lieu Wall 

Wall Lieu 

Ile Glin 

Th Thr 
560 

Asn. Asn 
sts 

Glu Lieu. 

Ala Glu 

Pro Gly 

Ala 
64 O 

Luell 

Pro Pro 
655 

Glin Ala 

Gly Glin 

Gly Met 

Lieu. Asp 

Ala 
73 

Ala 

The invention claimed is: 
1. A method for producing terpenes in fungi, comprising 

the steps of: 
(a) providing a nucleic acid encoding a transcription factor, 

wherein said transcription factor activates a terpene bio 
synthetic gene cluster, and wherein said transcription 
factor comprises a polypeptide having at least 90% 
sequence identity to SEQID NO: 74: 

(b) operably linking said nucleic acid to a promoter, to 
produce an expression construct; 

(c) transforming said expression construct into a host cell 
carrying a terpene biosynthetic gene cluster, and 

(d) cultivating said host cell under conditions which allow 
expression of the transcription factor, and which allow 
activation of the terpene biosynthetic gene cluster by the 
transcription factor. 

2. The method of claim 1, wherein said terpene is ent 
pimara-8014), 15-diene, or a derivative thereof. 
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3. The method of claim 1, wherein said transcription factor 
comprises a polypeptide having at least 95% sequence iden 
tity to SEQID NO: 74. 

4. The method of claim 1, wherein the host cell is Aspergil 
lus nidulans. 

5. The method of claim 1, wherein the terpenes are diter 
penoids. 

6. A host fungus comprising a terpene biosynthetic gene 
cluster comprising the genes encoding: 

(a) a polypeptide having at least 90% identity to SEQID 
NO: 65, a polypeptide having at least 90% identity to 
SEQ ID NO: 63, a polypeptide having at least 90% 
identity to SEQID NO: 61 and 

(b) a polypeptide having at least 90% identity to SEQID 
NO: 67, a polypeptide having at least 94% identity to 
SEQ ID NO: 73, a polypeptide having at least 90% 
identity to SEQID NO: 69, a polypeptide having at least 
90% identity to SEQID NO: 71, 
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and wherein said host fungus has been transformed with 
an expression construct comprising a nucleic acid 
encoding a transcription factor, wherein said nucleic 
acid is operably linked to a promoter, and wherein 
said transcription factor comprises a polypeptide hav 
ing at least 90% sequence identity to SEQID NO: 74. 

7. The production host of claim 6, wherein the terpene 
biosynthetic gene cluster further comprises a nucleic acid 
sequence encoding a polypeptide having at least 90% identity 
to SEQ ID NO. 59. 

8. A method for producing terpenes in fungi, comprising 
the steps of: 

(a) providing a nucleic acid encoding a transcription factor, 
wherein said transcription factor activates a terpene bio 
synthetic gene cluster, and wherein said transcription 
factor comprises a polypeptide having at least 90% 
sequence identity to SEQID NO: 74: 

(b) operably linking said nucleic acid to a promoter, to 
produce an expression construct; 

(c) transforming said expression construct into a host cell 
carrying a terpene biosynthetic gene cluster, 

(d) cultivating said host cell under conditions which allow 
expression of the transcription factor, and which allow 
activation of the terpene biosynthetic gene cluster by the 
transcription factor, and 

(e) recovering the terpene product. 
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9. A method for producing terpenes, said method compris 

ing cultivating a host fungus which comprises a terpene bio 
synthetic gene cluster comprising the genes encoding: 

(a) a polypeptide having at least 90% identity to SEQID 
NO: 65, a polypeptide having at least 90% identity to 
SEQ ID NO: 63, a polypeptide having at least 90% 
identity to SEQID NO: 61 and 

(b) a polypeptide having at least 90% identity to SEQID 
NO: 67, a polypeptide having at least 94% identity to 
SEQ ID NO: 73, a polypeptide having at least 90% 
identity to SEQID NO: 69, a polypeptide having at least 
90% identity to SEQID NO: 71, 
and wherein said host fungus has been transformed with 

an expression construct comprising a nucleic acid 
encoding a transcription factor, wherein said nucleic 
acid is operably linked to a promoter, and wherein 
said transcription factor comprises a polypeptide hav 
ing at least 90% sequence identity to SEQID NO: 74. 

10. The method of claim 9, wherein the terpene biosyn 
thetic gene cluster further comprises a nucleic acid sequence 
encoding a polypeptide having at least 90% identity to SEQ 
ID NO. 59. 

11. The method of claim 9, wherein said method further 
comprises the step of recovering the terpene product. 
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